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CHAPTER 1

THE FEHR-PRACTICUM SYSTEM

This report is organized in five chapters. Chapter one contains

an introductory discussion of the needs and purposes served, a de-

scription of a practicum session, and detailed specifications for

each of the physical components of the system. Chapter two contains

a description of the computer program which generates FEHR-PRACTICUM

data, and presents evidence of its portability and adaptability.

Chapter three describes the evolution of the present set of simu-

lation problems and provides evidence of the internal validity of

each problem. Chapter four presents the results of the empirical

evaluation of the FEHR-PRACTICUM system in a variety of instructional

roles. The fifth and final chapter provides a summary of the evi-

dence regarding the system's effectiveness, and discusses the im-

plications for its dissemination and use.

SECTION I. INTRODUCTION

The purpose of this project was the formative and summative

evaluation of FEHR-PRACTICUM, whiCh was developed under contract

number OEC-0-70-4773(520) with the U. S. Office of Education during

1970 and 1971. FEHR-PRACTICUM is a computerized simulation Aich

provides practical experience in decision-oriented educational re7

search and evaluation. It is intended as a pedagogical tool to

facilitate instruction in such program-evaluation tasks as defining

the problem, operationalizing objectives, designing valid field

studies, budgeting, writing proposals, analyzing data, and inter-

preting outcomes with respect to an impending decision. The acronym

FEHR (pronounced "fair") stands for formative evaluation and heu-

ristic research. Formative evaluation refers to awassessment during

the development of a program which performs the functions of feed-

back, diagnosis, and guidance. Heuristic research is meant to suggest

a decision-oriented process that seeks practical solutions to edu-

cational problems. The name FEHR-PRACTICUM was intended to emphasize .

our focus on a practical problem-solving experience which features

13



the use of research/evaluation technology in making decisions about

educational programs.

Need

In late 1969, education entered an era in which its sources of

revenue began to dry up while its costs continued to climb at an

accelerating rate. The r Jduced an inexorable demand

for_educators to provic LL their programs were, in fac)

producing the results 1u, ,,,ey were intended. Simultaneous,,,

educators themselves, faced with austerity budgets, began to clamor

for information which would help them decide which programs were

most effective and efficient and, alternatively, which could be most

easily sacrificed. Many were surprised to discover that personnel

who could supply relevant, convincing information were largely un-

available -- despite the intensive national research training effort

of the sixties.

The reasons for this apparent failure are discussed in a com-

prehensive report by the Phi Delta Kappa National Study Committee

on Evaluation (Stufflebeam, et al., 1971, pp. 302-307). Collecting

valid information for this kind of educational accountability, they

say, required personnel who are skilled in adapting and integrating

the ideas and methods of classical educational/psychological research,

economics, political science, administration, decision theory, and

general systems theory to meet the specific needs of an impending

educational decision. Persons with these skills are hard to find --

even among the graduates of doctoral programs in educational research/

evaluation at our most prestigious institutions. Although they iden-

tify certain concepts and techniques which need further development,

the PM( Committee points out (pp. 307-308) that most major univer-

sities currently offer courses which could develop most of the re-

quired conceptual skills. What is missing, they say, is a carefully

planned sequence of apprenticeship or practicum experiences which

can be completely integrated withi'the instructional activities of

the regular curriculum.

Instructional Role

The traditional apprenticeship or practicum experience is un-

suited to the training task described above for two reasons: (1) it is

2
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usually too far removed from the classroom in both time and distance

to permit either direct application of the principles studied or

planned reinforcement activities, and (2) the sequency of activities

dictated by the needs of the project seldom coincide with the in-

structional objectives of the training program. However, FEHR-PRACTICUM

permits students or practicing professionals who wish to upgrade their

skills to get practical experience in a variety of realistic decisi.on-

oriented field studies ranging from thP validation of a questionnaire

for student evaluation of teaching at. college level to the assess-

ment of an elementary reading progru h. r the evaluation of a Headstart

project. Each of the above examples is based on a FEHR7PRACTICUM

problem. There are eight major problems available, each set in a

different content area and involving subjects at a different edu-

cational level.

It is important to understand at the outset that FEHR-PRACTICUM

is not intended to provide instruction in research/evaluation tech-

niques. Rather, it provides an opportunity to apply theoretical

principles to practical educational problems, to practice and de-

velop research/evaluation skills in a complex environment which re-

quires constant extension, generalization, and adaptation of those

principles. Pedagogically, FEHR-PRACTICUM is a manageable field ex-

perience which is always accessible. It provides a safe vehicle

for practicing complicated research strategies, and it provides

immediate feedback on the effects of long-term treatments. When

carefully articulated with an appropriate training program, the

practicum can provide a thread of continuity about which disparate

ideas coalesce, thus promoting integration and synthesis.

However, FEHR-PRACTICUM, like other field experiences is not

particularly fruitful in isolation. If the practicum is not accom-

panied by planned instruction, it is imperative that the player-

trainees have access to expert consultants and/or ample reference

materials assigned for independent. use. A discussion of the in-

structional imp1i6ations of integrating FEHR-PRACTICUM into an ex-

isting training program is provided in a subsequent section.

15
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Practicum Environment

An important advantage of a FEHR-PRACTICUM is that it allows

participants to try out new approaches to planning, budgeting, and

evaluation without subjecting real student-subjects to the uncer-

tainties of experimental conditions. Instead, the subjects for

FEHR-PRACTICUM experiments are drawn from the simulated school sys-

tem of Fair City, which is located in the mythical state of Utopia,

U. S. A. The instructional effectiveness of the practicum is di-

rectly related tr quality and depth of this simulated environ-

ment.

Fair City. . excitement and challenge of real-life research

derive from its potential for improving the educational experience

of human beings. Early in the development of FEHR-PRACTICUM, it was

discovered that a simulation's capacity to provide this motivating

human dimension is heavily dependent upon the degree of contextual

detail. Consequently, a great deal of effort was spent in construct-

ing a "community" of sufficient complexity to provide the environ-

ment for a variety of educational problems. Participants in the game

are given a comprehensive description of the community in the form

of an illustrated publication produced.by Fair City's "Chamber of

Commerce". A copy of this publication appears in a subsequent section

of this manual.

Fair City and the state of Utopia are composites of several

real cities.and states which were carefully chosen to represent the

various geo7political sections of the United States. Like most

American cities, Fair City has recently expe'rienced a period of

rapid growth, with an especially large increase in the black popu-

lation. In the last dozen years, it has changed from a sleepy town

of some 40,000 souls to a bustling city of more than 120,000. The

immigrant blacks, being poor, usually settled in the old central area

of the city, a region crowded with decaying tenements. The largely

white suburbs, on the other hand, are replete with manicured lawns

and back yard swimming pools. Many of the educational problems with

which FEHR-PRACTICUM players will be concerned derive from these

social conditions.

4
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The format of the FEHR-PRACTICUM problems was specifically de-

signed for flexibility. Basically, this was accomplished by pro-

viding a checklist of optional assignments which allow the Game

-Manager to adjust both the scope'of the practicum as a whole and the

complexity of each of the tasks involved. Guidelines for choosing

the options best suited to the instructional purposes of a particular

practicum session are provided in section III of this manual.

The extremely flexible structure of the FEHR-PRACTICUM is illus-

trated by its.use as the core experience in,each of the following

training activ-4 s:

session Saturday morning extension course (workshop)

designed to acquaint educational administrators with the

basic principles of empirical program evaluation. The course

emphasized problem conceptualization skills and the ability

to communicate with statistical consultants. There was

little formal instruction in the course: the course con-

tent was transmitted primarily through intensive consul-

tation during,the problem solving process.

2. A one-semester laboratory practicuirditsigned to acquaint

first-year graduate students in S. 1 Iducation with the

strengths and weaknesses of variouz :andardized tests com-

monly used to diagnose learning dir.t, ilities, the principles

of differential diagnosis, and the_b-,4c ideas of research

design and statistical analysis.

3. A to-semester sequence of research design and_data analysis

courses required.of all Ph.D..students in education. Most

of these students had no previous research experience, and

many had previously established negative attitudes towards

mathematics anzwere openly anxious at the prospect of

learning statistics.

SECTION II: DESCRIPTION OF FEHR-PRACTICUM

In this section, a general description of the overall game is

followed by a more detailed explanation of the various game

components. We will describe a complete-and comprehensive-practicilm

5
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session to illustrate all aspects of the FEHR model. However, the

reader should be aware that in practice any coherent subset of the

tasks may be assigned. Throughout this description it is assumed

that players have been organized into research teams. Although it

is possible to ,play FEHR-PRACTICUM as individuals, or for an indi-

vidual to play by himself, experience has shown that a richer, more

meaningful experience is obtained with the give and take of group

decision-making. Consequently, a session usually consists of two

or more teams, with each team consisting of from two to five members.

player's<

At the beginniny of a FEHR-PRACTICUM play each participant is

given a Player's Handbook consisting of a brief narrative d4scription

of the game, an illustrated description of Fair City, a set of pro-

grammed instructions for playing the game, an RFP (Request for Pro-

posals) package containing detailed information about the team's

task on this play of the game, and copies of the various request

forms Lsei tm the gale.

In c?.neTal, the RFP package provides a verbal statement of an

educational pr=lem, identifies the set of (simulated) students in-

volved i,. 7rob1em, describes several alternative treatments

(educatinnai: nrograms) designed to attain that objective, and lists

the tesJu.i other instruments which may be used to gather infor-

mation. ---1,hs players are then asked to determine empirically which

of the ,:14-tertuttme programs can best meet the stated objective.

TL, teams are free to attack their problem in any way they wish,

efficient ar otherwise. But, throughout the game their actions are

subject It -tat same rewards and frustret-.;ons that could be expected

in real T-Fe. Many of these derive from-ate fact that research costs

money. mor example, a team may have too :mell a budget to permit

them to s 7,1MY all the variables they thinK are important, or they

could even tame their budget cut by the School Board.

Operating

In addition to the participating teams, at least two staff mem-

bers are mluflred to operate FEHR-PRACTICUM: a game manager and one

-or-more-research-consultants. The-part playe-d2by each staff meMbef-

6
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is explained below.

The qame_manager acts as liaison between players and the game

components which simulate the educational system. In the field eval-

uations, the game manager was usually a graduate student, familiar

with computers, who had been given two or three hours training in

using the physical components of the practicum. The game manager is

responsible for collecting monies charged for information (e.g., giving

a test to 100 students), and keeping the financial records.

A research consultant serves the same functions as he/she would

in real life. Whenever a team is uncertain about research method-

ology, it may hire a consultant to help. At the beginning of each

session, the game manager provides a vita on each available consul-

tant to help the teams decide which person to hire for any one task.

A consult-Oat may be hired at any time during the game, providing one

is available -- at any point in time it is possible for all the con-

sultants to be engaged by other teams. The cost of consultant ser-

vice will vary accordrng to the qualifications of the person concerned.

In our evaluation trials, FEHR-PRACTICUM was frequently used

in conjunction with a course on research methods. In this arrange-

ment a consultant is unnecessary: the instructor and the contents

of the course per se perform that function.

Overview of the Game

In FEHR-PRACTICUM each team is hired to "solve" a research/eval-

uation problem. Throughout the problem-solving process, the teams

must collect information about past research in the area and.aabout

the behavior of the research subjects (students and teachers). In

FEHR-PRACTICUM, synopses of previous research are printed in the

Information Bank, a kind of simulated library, and both the research

environment (Fair City) and the behavior of the research subjects

are simulated by a computer program. Therefore, the teams cannot

visit the research site in the usuat manner. Instead, they must

collect their information via the game manager, who might be thought

of as a special information line which connects the teams to the

simulated school system. This characteristic of FEHR-PRACTICUM is

illustrated_in figure 1.1. 19
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FEHR-PRACTICUM is best viewed in two dimensions, the resource

dimension and the process dimension, as illustrated in figure 1.1.

On the right the process by which a team "solves" an evaluation

problem is defined. On the left are the physical components from

which the players obtain the information required for their problem-

solving activities. Typically, the solution process can be divided

into two parts: which we shall refer to as the descriptive phase

and the comparative phase.

In the descriptive phase, each '',m 1. uh,.(11. ,41th obtaining

an adequate definition of the problem -- its nature, severity, and

extent -- and in determining what other people (i.e., past researchers)

have done to remediate:the problem. To accomplish this task, players

must review the past research in the field, relate the research find-

ings to their knowleme of the community in which the problem is set

(Fair City), and conduct surveys (via the Data Generator) using appro-

priate tests to determine how many students are affected and how

severe the problem is_ After each team has reported its findings

(the descriptive report), all teams working on the problem meet to-

gether with the game_ manager and the consultant(s) in a critique_

session at which eacn team's report is critically examined.

During the comparative phase, each team is required to design

and _conduct an "experiment" to compare the effectiveness of the

available treatments with students of various characteristics. The

teams then analyze the results, and decide which treatment the schools

should use with each type of student. Each team's decision is sip-

mitted to the game manager who "operates" the system with that de-

cision in the computer simulator. The computer has the capacity

to try one treatment with a student; then set him back where he

started and try another treatment. It is therefore possible to com-

pute each team's "decision effectiveness index," which is the ratio

of the total growth (learning) obtained under the team's decision

to the total growth possible if each student were assigned to the

treatment which maximized his growth. In addition, the computer

prtnts, -for each available treatment, a set of summary statistics

which describe the characteristics of the students whose growth was

maximized! by that treatment. At the.end of the game, the game manager,

9
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consultant(s), and players meet together in a consolidation session

at which the decision results of each team are critically evaluated

the methodological implications discussed.

Players can best comprehend the nature and scope of the research

projects possible in the FEHR-PRACTICUM system magining 'hat a

real school system exists nt C,i other end of tne "Irmaton ":ne,

and that the computer program is a "research assistant" who will do

exactly what they ask -- no more, no less. Although it is not able

to converse with players, the program can perform the following tasks:

(1) Search the school files and resurn information such as the

grade and past or present achtevement scores for an indi-

vidual student, or for all students in a particular school

or class.

(2) Administer tests, attitude scales, or questionnaires to

individuals or to a group of students and return the re-

sulting scores. However, in any one FEHR-PRACTICUM problem,

the only tests which can be administered are those listed

in the variable catalog which is provided at the beginning

of the game.

(3) Find and print out the names (ID numbers) of subjects who

have patterns of variable scores of a pre-specified type.

For example, it could print out the ID's of all students

in grade 7 who are male and had IQ scores less than 100.

(4) Administer any specified treatment (educational program)

to students identified by individual ID's or to groups of

students identified by school, class or a pre-specified

pattern of variable scores. Since tests can be adminis-

tered at any time, they can be used to determine the effects

.of a treatment over time.

In FEHR-PRACTICUM research, as in real life, the type of research

design chosen is frequently dependent cm the amount of money,avail-

able for research. At the beginning of the game, each team is given

a research grant, Throughout the game, each 1.1t.'wL administered and

each treatment applied has a cost attached. Teams pay for these

10
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services using a special FEHR-PRACTICUM checkbook, wtich is set up

to help them keeP track of the monies --nt. Thus, one of a team's

major tasH n its research so ensure ,,hai it obtains

sufficient ,0 Hr *0 permit a val Jt!cision without exceeding

its grant funds.

FEHR-PRACTICUM is a game in that several teams normally attack

the same problem and compete for the "best" solution. However, the

competition is parallel rather than direct, since the actions a

team takes cannot affect another team's solution in any way. It

should be pointed out that there is no "right" experiment to per-

form and no predetermined "correct""decision. In addttion, a team

need not decide to use the same treatment for all subiects; it is

entirely reasonable to recommend that the schools use different

treatments fOr students with differing characteristics. Whatever

decision is Made, it will affect students' scores on various achieve-

ment tests, attitude scales and the like. Since several teams

attack the same Problem, it is possible to assess the relative

merits of the teaMs' research procedures by comparing the results

obtained.by °operating" their decisions in the simwlated system.

This capacity for feedback on the quality of a researcher's work

is considered one of the most valuable aspects of the FEHR-PRACTICUM

model.

Game Comaon5ts

The physical components of the game are of two types: those

that are sources of information, and those that teach players how

to use the ioformation. The Information Bank, Data Generator and

Message Generator supply information, the In-Service Training (IST)

Units and the consultants the human component -- help the.playe:.s

use the information to 4'solve" their problem. In-the sections below,

each of these is described in more detail.

(1) informatiOn Bank. .The Information Bank is actually a

cross-referenced file. Historical information' about the

Fair City system, statisticaff data about the-tests used

in the Problems and summaries of the real worild studies

referred to in the problem booklets are stored:in booklet

11
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form for each problem. Several of these are available at

each practicum site.

(2) Data Generator. The Data Generator is a computer program

which simulates the behavior of the individual subjects

within our educational system. Each subject is described

by a unique set of scores for a large number of variables

such as sex, age, number of siblings, sibling position,

intelligence and various attitude scales and achievement

tests. However, an individual's scores for many tests --

especially attitudes and achievement -- will change over

time. The direction and rate of these changes represent

the "growth" or "learning" of individuals over time. In

the FEHR simulation, each of the dependent variables has

a unique gradth curve for each individual student. In

addition, each of the available treatments affects the

growth curves of the various dependent variables in a

different way.

Within the Data Generator, three types of information

gathering processes may be used:

(a) File Search. A file search will retrieve the

information which exists in the files of the

school system. This may be considered fixed

information in that teams will get precisely

the same scores for each individual each time

they search.

(b) Survey. Data which can be obtained by adminis-

tering a test at the present time is available

through a survey. Since measurement error is

involved, a survey will return a slightly dif-

ferent test score for each student each time it

is used.

(c) Treatment. The treatment process enables the

player to administer any available test to sub-

jects at various points in time. Since players

may also control which treatments are given to

12
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any individual (or group), this process enables

you to assess the effects of various treatments

experimentally.

(3) Messa e interru ts. It frequently happens that a research

project is radically changed by external events which the

experimenter cannot anticipate or control. For example,

a teacher strike which interrupts an experiment may change .

pupil attitudes as well as introducing costly delays.

Such "acts of God" may be introducedinto the FEHR-PRACTICUM

game by the message interrupts. At various times during

the game a team may be given a message by the game manager.

Some of these will be relatively unimportant and require

no action by the team. Others, however, may require them

to make adjustments in their research plan. For example,

a message that the research budget has been cut might

'necessitate the use of smaller samples. Such messages

are intended to provide experience in dealing with the

unexpected. Message interrupts are an optional feature,

to be used at the discretion of the game manager.

Experiences Provided by the Game.

FEHR-PRACTICUM is intended to provide a wide range of practical

experience in educational research and evaluation without the ex-

penses and time commitments involved in real research. The practicum

provides players with direct experience in gathering and analyzing

empirical data in order to arrive at a practical educational decision,

and provides feedback respecting the adequacy of their decisions.

Given the goal of simulating the entire research/evaluation

experience, common sense would dictate that the closer the simu-

lation is to reality, the more valuable will be its contribution

to practice. Consequently, a conscious attempt is made to provide

many of the complex interactions (and frustrations) which are charac-

-teristic of field research as opposed to laboratory research. A
partial list of the experiences which can be provided appears below.

However, the user has the option to emphasize one experience and

de-emphasize (or omit) another. Instructors may choose the combination

13
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best suited to their needs. FEHR-PRACTICUM has the capacity to pro-

vide a practical experience in each of the following areas:

1. Identifying and making explicit the basic or "real" problem.

Conceptually, a "real" problem may be defined as the dis-

crepancy between what is happening and what should be

happening. However, it is a common occurrence in real-life

evaluation work to be presented with a "problem" which is,

in fact, a request for an implementation decision about

one of a series of alternative solutions. For example,

"Should we implement program X?" is a solution masquerading

as a problem. Identification of the basic problem facili-

tates the identification of relevant dependent (or criterion)

variables. Note: This is perhapsthe most difficult task

(conceptually) in the entire practicum. Questions of rela-

tive value and whose value system must be dealt with.

2. Stating a problem in operational terms. The practicum pro-

vides considerable practice.in this since the computer re-

quires all requests for information to be made in terms of

the values of particular variables.

3. Preparing a budget and working within its constraints. In

all except a few restricted versions of problems, the players

are given a finite research grant and must pay for each bit

of information they collect. In addition, players must pay

themselves a daily salary. Thus, careful planning of ex-

penditures of both time and money is necessary.

4. Developing and following a sampling plan. The average FEHR-

PRACTICUM problems contains literally thousands of potential

research.subjects, each with a wide variety of individual

characteristics (sex, intelligence, socio-economic status,

etc.). Almost any sampling plan which can be used in real

research can be duplicated in the game -- including plans

which are invalid because of some type of selection bias.

5. Selecting dependent and independent (moderator) variables

milich are relevant to a given Problem and choosing the in-

struments (tests) which will be used to measure them.

14
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Although the players cannot devise their own tests, they

may choose from a large pool of tests which are made avail-

able in the practicum. To help them in assessing the util-

ity of the various tests, players have access, via the In-

formation Bank, to test descriptions of the sort provided

by Buros (1965). Depending on the problem area, the game

provides scores on from 50 to 160 separate tests. Each

test may be used with any subject, and may be administered
.

repeatedly across time.

6. Using survey techniques to identify the important dependent

and independent variables in a given educational problem.

In the practicum, surveys are frequently required to de-

termine the extent and severity of a problem and/or to

clarify relationships among variables.

7. Designing research plans which isolate the effects of spe-

cific educational treatments and treatment combinations.

The practicum allows players to collect data according to

almost any research design which can be used in a real-life

situation -- including biased or invalid designs. The

possible designs include both the univariate and multivariate

forms of latin squares, incomplete blocks, longitudinal stu-

dies (panel data), and case studies based on variable scores

(rather than verbal descriptions). Because of the capacity

to produce longitudinal data, it is possible to stimulate

formative evaluation studies involving sequences of treat-

ments and repeated observation periods.

8. Analyzing data collected from complex designs. The capacity

to provide such analytic experience is ensured by the com-

plex designs mentioned in (7) above. In addition, the game

has a number of built in biases which encourage players to

use designs involving multiple criteria (dependent variables).

Thus, multiyariate analyses are usually appropriate. (Of

course, the capacity actually to conduct such analyses de-

pends on the resources of the local computer installation.)

27
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9. Modifying research plans to accommodate unforeseen events

in the environment. For example, a teacher strike could

modify student attitudes as well as cause an expensive

delay in a project. Such simulated events can be used

with sophisticated trainees, but are not recommended for

beginners.

10. Selecting consultants and preparing plans to optimize their

effectiveness. The practicum provides an opportunity for

players to explore their own limitations, and to find the

conditions under which a consultant is "worth the money".

11. Relating the results of an evaluation to the time at which

the evaluation is taken. The game permits program eval-

uations to be made at different points in tire and to com-

pare the results.

12. Working with educational problems in a variety of content

areas and at numerous educational levels. The topics of

the eight problems available run from the traditional sub-

jects (e.g., mathematics and reading) to the specialized

difficulties of handicapped children. The educational

levels represented include both pre-school children, and

college students.

13. Assessing the quality of research procedures (in the com-

parative phase) by examining the results obtained from

"operating" a decision based on the research results. To

aid in this task, the computer supplies two bits of infor-

mation which are not obtainable in real-life research:

the "decisicn effectiveness index" and a statistical summary

of the characteristics of the students best suited to each

treatment. These are not intended as absolute indices of

quality, but rather as springboards for discussion.

sEcrioN III FEHR-PRACTICUM WERTAIS

The FEHR-PRACTICUM materials can be cfassified on two broad di-

mensions. The first of these is the access dimension. Where is the

material physically located? How and by whom is it normally accessed?

1 6
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The second dimension concerns the generality of the materials,

whether it can be used in all problems (content areas) or not.

The access dimension is sub-divided into four categories.

Category 1 contains all the data generator materials. These would

normally be accessed at the local computer center or a remote ter-

minal. Category 2 contains materials which would normally be used

only by the Game Manager and/or thv,e planning the instructional

uses of the practicum. Category 3 contains materials which are

shared among players. These would normally be accessed in a

laboratory-classroom. Category 4 would contain all the materials

normally provided to each player-trainee.

The generality dimension contains two categories. Category I

(common) contains all materials which can be used with all eight

problems, while category 2 (unique) contains materials which change

from problem to problem.

The entire set of FEHR-PRACTICUM materials, categorized by

access and generality, appears in figure 1.2. In the discussion

below, there is additional descriptive information for every com-

ponent except the Game Manager's Manual which has been described

in context.

Common Materials

The main data generator (main computer program) consists of a

set of punch cards (or a computer tape) containing the FORTRAN IV

source program. However, the main program cannot produce simulated

data unless it is combined with one of the data generator problem

pockets (see below).

The FEHR-PRACTICUM IST (in service training) units consist of

separately-bound, semi-programmed materials which provide detailed

instrucpons for accomplishing specific tasks encountered in the

practicum. The five units available are:

I. Assessing Success for Complex Objectives.

II. Criteria for Developing Proposals and Final Reports.

III. Computer Format Statements for FEHR Data.
1
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ACCESS
DIMENSION

GMERALITY D ION

1. COMMON TO ALL PROBLS 2. UNIQUE CONTENTS FOR
EACH PROBLEM

1. COMPUTER
CENTER

a. Main Data Generator
(Main computer program.)

a. Data Generator Problem
Packet: unique program
parameters for eadh
problem. (Eight sap-
arate packets.)

2. CAME
MANAGER

a. Game Manager's Manual
Sections I & II

a. Game Manager's Manual
Secticns III & IV

3. LABORATORY
OR CLASS-
ROOM

a. FEHR-PRACTICUM 1ST Units.
(Five separatelybound
units.)
Note: Some Game Managers
may wish to supply a copy
of this material to each
player.

b. References. (Supplied
locally.)

a. Information Bank:
material separately
bound for each problem.
(Ei(jht separate Infor-
mation Banks.)

4. PLAYER
MATERIALS

a. Player's Introduction
to the FEHR-PRACTICUM
game.

b. Fair City, U. S. A.

c. Player's Instructions
for FEHR-PRACTICUM.

a. RFP (Request For
Proposals) Dobliment: a
specific description of
the particular problem
to be investigated,
separately bound for
each problem. (Eight
separate RFP documents.)

Figure 1.2. FEHR-PRACTICUMMaterials Categorized by Access and
Generality.

18
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IV. SamPling the Subjects to be Studied.

V. Using the PEHR Secretary.

The referenCes to be supplied locally consist of any research-

oriented materials Which Will asstst the pla-trainees. A list
-f ,leested 4=Wel..es' in a s:4bsequent secl:ton.

Nnre are three plaAer's materials which arE common to all
;Ariolo. All three of 'nese materials appear im this manual. The
f-rsli Pla er's fntroduction to the FEHR-PRk. ,ICUM Game, was con-
tr-aed in the first twelve pages of Sectionwhichyou, have just
re,kd The seCohd end third booklets, Fair and
P3erir's Instructions fat- PEHR-PRNCTICUM coreiitute the second and
thfrc chaptery of Sectt= II. Wherever necE ,-ary the original

mate-tals printed heretn have been supplemented by notes and addenda
addressed to -rhe G400 Manager,

Unique Materiels

The total POR.,PRACTICUM system provides a choice among eight
major problems dealing with eight different content areas and in-
volving studem t% at different educational levels. Each problem has
its own unique Late Generator Problem Packet, Information tank, and
RFP (Request tor proposals) document. Although the specific contents
differ, the forMat of each of these components is the same for all
problems. The Llsaal format for each of the three components is de-
scribed beloW,

(1) The Pao Wnerator program Packet combines with the Main

Data Generator (above) to form the complete computer pro-
gram Nozory to operate a specific problem. When the

first or4r is received from a new user, an intact deck

contoi hing both the Main Data Generator and the Data

Generator packet for the standard REMAR (Remedial Arith-
metic) problem is shipped. When you are familiar with

this ProbleM new ones May be ordered one at a time. Since
the wain sections of the program are common across problems,

we routinely ship only the Data Generator Problem Packets

to useN Who already have one or more FEHR problems oper-
atiohal.
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(21' lie :nformatimn Bank contains a brief summary for a number

ct: real-life articles related to the content area of the

=clem, plus dinstriptive in4o"tttion for each oe- t'me

5--meat.dized tests available :he problem. The.,_,,:e are

on loose-leaf sheets, pne article per pace and

a,TT:alvd alphabetically by auth::r. This format was adopted

rztnnit users to update the irrformation as new -elevant

r,mia---ch becomes available.

CV Me :,,r"? document lor each problem has the same general

:5571m Page 1 identifies the content area and the edu-

,72T-.1,gal agency which is sponspring the research. Page 2

rtmmS a general narrative description of the problem

-E-Effers the reader to an appendix from which mare spe-

-=Ffil _details may be obtained. Pages 3 to 6 contain the

2becA,list of Tasks to be Performed: a detailed listing

p:.=a11 the tasks involved in a complete practicum. The

GmelManager chooses those tasks best suited to the local

Me detailed content of each REP is contained in a

aet uf appendices. These are usually five or six appen-

attas containing the information described below:

Appendix I. Information Bank Material. This is a

lfst (or hndex) of all the abstracted articles which

:ome alonp with the simulation. Going through these

kill give the player an overview of the re-

-stearch in the area. :If a player is especially in-

terested in the substantive area to be investigated,

we suggest that the Information Bank be used to de-

termine which articles should be read in full. In

uddition, the Information Bank provides normative

data (means, standard deviations, reliabilities,cetc.)

and a description of the test content for all stan-

dardized tests listed for that problem. In addition,

for many tests a critique f also available in the

Information Bank.

20

3 2



Appendix II. Research Populatio'... Appemdil II con-

tains a complete list of all subymts avEfflaple in

the problem and explains how tc irterpret tne student

Appendix III. Catalog of Tree=re-.7s. Appendix III

is a list of the treatments whi17- :an be administered

in the problem, a list of costs ,- each treatment,

and a definition of the time sea:Jerziaes used in the

problem.

Appendix IV. Catalog of Variabrke. Appendix IV lists

all the variables available in ±f roblem, the costs

of each variable score, and the ,..zmlitions under which

the vartable scores (test scores) 'nay (and may not)

be obtained.

Appendix V. Committee Report. In nearly all problems

there is some preliminary information available such

as why particular treatments were chosen and what

previous research the school system has donE in the

area. A concise summary of this informatior appears

in Appendix VI.

.SECTION TV. OVERWM OF AVAILABLE PROBLEMS

A total of eight problems are available in the FEHR-PRACTICUM

system. Once the Game Manager and research consultants have become

thoroughly familiar with the FEHR-PRACTICUM system, tt is passible

to conduct a practicum in which several problems (toted, all eight)

are being operated simultaneously. This has the adantage of per-

mitting player-trainees to choose the area closest.= their own

substantive interests. Although the problem-solvinrs procedures are

similar from problem to problem, we have found that the dinoice of

content area can make a tremendous difference to a tmerinee's moti-

vatton. However, managing FEHR-PRACTICUM is a complier task. We

strongly recommend lhat new users not operate multiple prrabliems

until they have had at least two or three sessions practime with a

single problem. 3 3
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During our fiel. alidatom s,taldies, we tried training Game

Hanamers on several . ':feren:Trxtotzlems. It was our experience

that prospective Game nager in were supervisinc pr,lblems based

in a zontent area witt ihich tnev. were unfamiliar hal-Ireat diffi-

cu1t11 concentrating cn 7:he merevmwnt tasks arse, imc consequently

learmed much more sloolp than tmolse supervising proat.ec..: with which

the, were familiar. :irlice it was also found that mumernus demon-

A;..,..ion file searches, surveys, and field experiments .-acilitated

learning, it was deciaed to envelop training materials _based on one

standard problem and featurirg- manly practical examples. "The REMAR

problem was chosem far tlis pripme because remedial artthmetic is

the one content area witn whtch most educators have had.same ex-

perience. Section III of the Game Manager's Manual contathis pro-

grammed directions and a number of practical examples for each task

in the REMAR problem. After completing this section, mast pros-

pective users had little difficulty administering a fult-41edged

practicum session using the REMAR problem. The extenston to other

problems is then just a matter of becoming familiar witn the con-

tent area by going through a complete practicum followtmm the

Player's Instructions step by step.

The eight available problems are described below in the order

they were developed. The instructional strengths and 7tetations

of each probl=em are listed under the heading Special Characteristics.

For sessions in which the spectlIc content of aprobliem is of sub-

stantive interest, we strongly recommend that copies of the primary

references listed with the problom be made available.

(l) Project PEP: Perceptual Education Problem T,--0110).

term "aerceptually hanadicapped" hes been used in recent

times =7 identify a large number of children who have

norna7 tnteallence but because of a "perceptual' problem'

have-great trouble in exhool, particularly in reading anc:

writing. InllotS problem the players an-el 'requested to

aid the Boanui ofEducatipn and a conmni=ee -of teachers

in deciding such questtons as: Does Fkir CIty need a

Perceptual Education Program: Are psycholmgical and socio-

economic variables relevant? WhiCh treatment should be

recommended?

22
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Parttcutyy This problem has 161 variables, three

treamner 2 expertmental, 7 control), and a total

researci- flopuiation Df 426 students in four grades

of one s_hmol.

Special ,Iracteristics: This problem permits a

direct e -....irimente comparison of the two proposed

programs .1th present practice (the control). It

features. ne usual sampling, variables selection,

and destp difficulties, with emphasis on the last

two. Oheof the major difficulties in. PEP is problem

definition. The School Board sees the problem as a

lack. ofthievenent. How does that relate to "per-

ceptual handicaps"? Alhat is a perceptually handi-

capped chEild? What variable scores signify a handi-

cap? The conflict between end-result variables

(achievement) and intermediate results (changes in

variables which are hypothesized as prerequisite to

successful' achievement) make this problem particularly

mseful fel' practicing problem conceptualization

skills. An additional feature is the "built-in" ex-

perience with regression toward the mean which is

caused zy stringent selection criteria.

Prtnerv References:

Fros=13, Marianne. "Visual Perption in Brain-

Injured Children". American Journal of Ortho-

osmchiatry, 1963, 33 (4), 665-671.

Jonmsom, .J. & Myklebust, H. R. Learning Disabilities:

F-Educational Principles and Pract.ces, Grune &

Stratton, New York, 1967.

Menthant, Newell C. (U. of Purdue, Lafayette)

"Perceptual-Motor Aspects of Learning Disabilities".

..2cLeptional Children, 1964, 31 (4), 201-206.

McCarthy, J. J. & McCarthy, J. F. Learning Disabilities:,

Allyn & Bacon, Boston, 1969.
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(2) Project REM., Remedial Airithmetic (RFP002)- This problem

deals with mevhads of te=ning arithmetic computation

ski 1 s . Seca= e most educators are fami 1 i ar wi th thi s

content, thts Wall- chosen as the mstandard" problem to

be used for the "rst implementation at .a new site. The

RFP is issuez: by :he Fair City School Board, who are con-

cerned a the grootng number cf grade $even 5.tudents who

cannot d: ari-:hme=c computatzon well emousah to succeed

in the r-gui-ar crack seven curriculum. You are asked to

conduct fi &IA 7tBEIS to evaluate the effectivemess of

three pruposee new remedial arithmetic -orograus as cam-

pared to the current practice. At the zonclusion of the

project, each- team must decide on the besis of their ex-

periment which of the new programs (if any) are to be

implemenced. Alote: it ts emti rely passible to recommend

different programs for students of differing character-

istica.)

Particulars: Variables = 78, Treatments 4, TotAl

Research -Pupulation = 1,906 seventh grace students

111 seven junior highs, earn with several classes.

Scectal Characteri sti cs : Thi s -problem permi ts direct

exmor, mental compari sons . It rs fairly beavi ly on; -

eruEtt_ toward criterion-nsferenoml tests or sequunt_fia*

mar-vd!ry testa- Sampling, sele=ton of variable:.
ann qiesIgh all are involned anckcan-he ccop1tsi
fB1- ly easfly.. Because of the necessity to se l
only the poor students, this pro:Diem provides a -trr&I

danoortonity to study the effects of statistical -re-

gression. In addi ti on , there are s ome conceptual

difficulties with respect to the ,precise definition

of success in terms of 'variable scores, anti some

sti cky s tatisti cal questi ons cent:Wring amund the

analysts of mastery-test data. Nieveethe 1 es s , tftts
Is perhaps the easiest, ITO t straightforward ,proMiem,

si nce theu:objecti ve s are fairlyc.lear1y de fi nest ----arr

unambi guous terms .

24

3 6



A unique feature cf this problem is the emphasis
on the cost-effectilvens aspect of the decision
among programs whicn is introduced by a wide disparity
in program costs ana', a .giositive correlation between
cost and learning.

Primary References: (Ntone)

(3) Project EXTSY: Extended Z.chcol Year (RFPC103). What are
the benefi-= of an extendet s-chool year? Fair City, like
many other areas, believes 'there would be economic if not
educationaT henefits from havving the school schedule re-
organi2ed that the schooia are in operation all year
around. The:players are to investigate the situation and
determine ),Ihrich, if amy, schedule has the most advantages
for Fai r Ci ty

Particultiars : Vari ab1 6, Treartments = 3 ( 2 ex-
perimental , 1 control:, Researdn cialpiClatiron - 12,393
students -from 21 ,...,.Iemientery schreas.

Special, Zuzracteristi=:. This przifimi permits some
expertmenftal comparimm., but nErti -zntat an entire
school rust ri_--,i;gmed to any .ore. toyetatment. This
i ntrociacms some .4_:nteTring questiTram cith respect
to -the :m=rrEpria: un-tt of obserwatiow -and the gen-
eralizatG'7.1:ity of EXTSY -invoies extensi ve

samPl fr. wari able seieion, and des* mobl ems .

One of the difficulties this prablelt,:, is the fact
that since treatments oast be admintswered to intact
schools, no true experimental destgm possible.
Attitude variaillles m more vasnabie here, but
rdil-agitrili.:v and validtIty problems, as, well as the
namilre.1 mature of ,-,xiata, are prebtlematic. The

fundamental question is "which is Imre. important:
achievement, cost., or ari ty"? Seweral unique
aspects of this profiler arm intromuced by its longi-
tudinal nature (3 yeami.



Primary References:

Department of Education, New York. "The Impact of

a Rescheduled School Year". A special report

prepared for the Governor and the Legislature of

the State of.New York. The University of the

State of New York, the State Education Department,

Albany, New York, March, 1970, 158 pages.

(4) Project HEADSTART: Early Childhood Education (RFP004).

The Fair City School District believes that there are a

growing number of children who are entering first grade

ill equipped to perform at normal levels. In this problem

the players must aid the Board of Education in deciding

if a Headstart program should be introduced and which par-

ticular program best meets the needs of the Fair City

children who require extra attention. The players should

not only decide if there is a need but also if the gains

made in Headstart are retained after the child has entered

the regular public schools.

Particulars: Variables - 78, Treatments = 7, Research

Population 1,822 or all three-year-olds in the city.

Special Characteristics: Although direct empirical

comparisons among the 7 treatments are possible, this

is too complicated to permit in practice. An additional

complication is the fact that not many measures are

available for pre-school kids, let along many reliable

ones, particularly those which may change as a result

of some program. In addition, the problem requires

long-term (longitudinal) assessment of changes, and

most available tests -- evem though they have.the

same name -- have different norms for different age

groups.

Primary References:

Weikert, D. "The Perry Preschool Project in Ypsilanti,

Michigan", 1969, 0E-37035.
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(5) Project READ: Reading Assessment Problem (RFP005). The

teachers of the primary grades have become dissatisfied

with their present reading program because of the in-

creasing number of students who are falling behind their

peers in the development of reading skills. In this prob-

lem the players are to aid the teachers and principals of

the elementary schools to determine if a new reading pro-

gram should be instituted in Fair City. One of the ques-

tions they will answer in this problem is whether there

is one curriculum which can best meet the needs of all

Fair City children.

Particulars: Variables = 170, Treatments = 3 (2 ex-

perimental, 1 control), Research Population = 2,000.

Special Characteristics: This problem permits direct

experimental comparison. The major emphasis here is

assessment in terms of multiple behavioral objectives.

About half the variables in this problem are cri-

terion-referenced. Consequently, variable selection

is an important element in this problem. But perhaps

the major feature is the data interpretation task.

The multiple successes and failures of students in

various programs must somehow be summarized in a con-

ceptually meaningful way to permit program-to-program

comparisons, and a subsequent decision among programs.

Primary References:

(Not Lised in development, but very similar and helpful)

Duffy, G. G. & Sherman, G. B. Systematic Reading

Instruction, Harper & Row, 1972.

(6) Project TQUEST: Validation of a Teacher Questionnaire

(RFP006). The purpose of this project is to validate a

questionnaire which "evaluates" teacher performance at the

college level. The questionnaires are to be administered

to students O'reSently enrolled in college classes. The

players are to assist the administration in this project
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by comparing the effects of feeding back information from

various sub-scales on the new questionnaire. A second

questionnaire and several achievement scores are also

available to be used in the validation task.

Particulars: Variables = 60, Treatments = 4, (3 types

of feedback, 1 no feedback), Research Population = 512

university students from 20 different classes.

Special Characteristics: This problem contains two

questionnaires: (1) the old questionnaire, and (2)

a new one designed to provide more information. It

opens up quite a can of worms -- how does one vali-

date such a thing as a student evaluation of teachers?

In this problem, the path suggested is to see how

effective the questionnaire is in changing professors'

teaching, as measured by the questionnaire. The

variables (questionnaire items) are all 5 option

attitude items. Individual item responses may then

be combined to form various scales which relate to

the developers' (i.e., the University Committees)

concept of teaching effectiveness. Feeding back to

a professor his "scores" on one or more of these

scales from last semester should influence his score

(on the scale(s) concerned) this semester. Thus

it is possible to collect evidence of the construct

validity of the questionnaire.

It is important to note that, while we give

questionnaires to students, the unit of observation

is a teacher (i.e., the class). This introduces a

variety of interesting statistical questions which

are an important aspect of this problem.

Primary References:

Cronback, L. J; Essentials of Psychological Testing,

Chapter 5, "Test Validation", Third Edition,

Harper & Rad, 1970.
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(7) Pro'ect RMA: Remedial Math for Adults (RFP007). The

open enrollment policy and the wide variety of people

who attend community colleges necessitates the provision

of additional support services for students and citizens.

In this problem the players are requested to evaluate

the remedial math course at the Fair City Community

College. This course is intended to provide the stu-

dents taking it with the skills to do college level work.

The players will be asked to answer such questions as:

Does a remedial program work for adults? For what kind

of person is this program least useful? How can the

program be made more effective and efficient? Should the

course be continued?

(8)

Particulars: Variables = 26, Treatments = 1, Research

Population = 251.

Special Characteristics: This problem is strictly

a post hoc evaluation task, with evaluation made

solely on the basis of evidence collected duying

the semester, The trickiest part of this problem

is an operational definition of success. Since the

students come from a wide variety of backgrounds,

and have very different goals, the meaning of success

varies from group to group. The selection of rele-

vant variables can also get immensely complex, since

the!-: are several varieties of attitude, aptitude,

and achievement measures which the teams might be

used in any combination.

Primary References:

Dalke, Richard M. A Case Study of an Individualized

Course in Arithmetic at a Community College.

Dissertation, University of Michigan, 1971.

Project BUS: Busing to Achieve Integration (RFP008).

In response to recent Supreme Court rulings,.the Fair City

Board of Education has decided to integrate the city's

schools through busing. As in most cities, the people
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of Fair City have very strong views about busing and there

are many complications to consider. In this problem the

players are requested to evaluate the effects of busing

in the city's elementary schools to determine its ad-

vantages and disadvantages and what are the sources of

the problems that exist.

Particulars: Variables = 52, Treatments = 1, Research

Population = 3,633 pupils in grades 1 and 4 of 21

different schools.

Special Characteristics: This problem is strictly

a post hoc evaluation. Teams are called in after the

busing decision is made. Although only the first and

fourth graders are available to the players, there

is nevertheless a large number of subjects from a

wide variety of socio-ethnic neighborhoods. Since

computer costs prohibit an exhaustive survey, this

problem offers a rich environment for practicing

sampling skills. There is the fact that any results

may be attributable to the new organization in the

elementary schools rather than the busing plan itself.

There is also extensive direct measurement experience,

since it may place more weight on attitude measures

as criteria. The relatively low reliability and

validity of such measures and the categorical nature

will necessitate the construction of broader construct

variables through various combinations of questionnaire

responses.

Primary References:

Sullivan, Neil U. and Steward, Evelyn A.

Time: Integration in the Berkeley Scho

Indiana University Press, Bloomington,

4 2
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SECTION V. ADAPTING PROBLEM COMPLEXITY TO SUIT CLIENT NEEDS

It should be obvious from the foregoing description that a

comprehensive FEHR project demands a high level of research expertise.
.

It is, for example, an implicit assumption 'of FEHR-PRACTICUM that

educational evaluation is a multi-dimensional activity. Each problem

contains many dependent variables (e.g., achievement tests, attitude

scales and the like), several treatments (alternative educational

programs) and a wide variety of independent moderator variables

(such as sex, race, or socio-economic status). To.use.the,full

multivariate capacity of the simulation, participants should be

familiar with the classical literature in educational measurement

and research design, and able to use multivariate statistical anal-

yses.

In addition, the comprehensive problems described above re-

quired the participants themselves to identify the exact nature of

the problem and to specify, in detail, the nature of the solution

strategy. The large number of sophisticated problem-definition de-

cisions required in this version of the practicum made it an ideal

vehicle for training advanced students who were specializing in

educational research evaluation. However, many potential users

did not possess the prerequisite skills; it was too complicated

to use non-specialists or with students just beginning their research

training. In addition, the unstructured version generally took

fifteen or twenty three-hour sessions to-complete, with almost half

the sessions spent in defining the problem. To extend the utility

of the game, it was desirable to provide shorter and simpler versions

of the FEHR problems.

The complexity of a problem (and consequently the time required

to complete a practicum session) can be reduced by either structuring

or restricting the problem, or both. A problem may be structured

by providing an operational definition of the problem. For example,

at one of the evaluation sites the REMAR problem was.structured by

defining a remedial arithmetic student as any student who scores

zero on one or more of the mastery tests of computational skill which

were available in that problem.
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A problem may be restricted either by limiting the number of

dependent and independent variables to be included in a study or

by requiring a specific set of variables to be used. In the example

above, the teams were required to use the SAT standardized test of

computational skill as the dependent variable.

It was mentioned previously that each RFP package contains a

section titled Checklist of Tasks to be Performed. Below each of

the tasks listed in this section are a variety of optional re-

strictions and structures. The instructor or game manager can varY

the complexity of the total project over a wide range,simply by

checking off different patterns of assigned tasks. In this way

it is theoretically possible to adapt the practicum to suit the

needs and abilities of any_ group of prospective clients.

Encouraging Creativity. Many evaluation specialists (Stake 1967,

Tyler 1967, Stufflebeam, et. al., 1971) have stressed the need for

creative approaches to evaluation problems. In this view, not only

the solutions per se, but also the solution methodologies are idio-

syncratic to problers at hand. For this reason, it seemed desirable

for the teams to have some capacity to define the task for them-

selves -- even in the shorter versions of a problem. In the field

tests, the apparent conflict between the need for structure and the

desire to retain sufficient flexibility to permit some team cre-

ativity was resolved by requiring that certain variables and oper-

ational definitions be included in an evaluation study, and simul-

taneously encouraging teams to add variables and definitions which

they believed would increase the Validity of their findings. To

keep the number of added elements from usurping a good deal of time,

budgetary restrictions were imposed. In general, the research grant

allotted to each team included the projecte'd cost of the required

tasks plus 15 or 20 percent "discretionary funds" which the teams

could use to improve the substantive value 'of their research.

4 4
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CHAPTER 2

fHt QHR-PRACICUM COMPUTER PROGRAM

In chapter one the data generator was described as a "research

assistant" which cdo be used to manipulate the sintlated educational

system being Yttidied in a Particular problem. Through the data gen-

erator the re5edrch team can retrieve information about any simulated

student from the school files: The generator can administer any

available eduGational treatment to any student or group of students,

and measure tPe effects of that treatment by administering tests or

questionnaire5 tO the students concerned at any time during the

treatment (e.0., Pre dnd post testing is possible). This chapter

is divided into two sections, Section I is concerned with the

general proce5s OY Which these data sets are generated. Section II

describes the Procedure for developing a particular problem packet.

SECTION I, GENERATION PROCESS

There ah0 to geheral methods by which simulated data tYpe have

been obtaineq bY Previous. investigators: random selection from a

comprehensive d4ta bahk, and random generation via a probability

density function suited,to the variable concerned. Neither of these

procedures preyed eotirelY satisfactory for producing large multi-

variate data 5et5 With Prescribed interrelationships among variables.

consequently, cotripromise data generating procedure was developed.

In FEHRJRACTICUM, each subject in the population available for

a particular ProPlero has associated with him a set of variable values

which uniquelY describe that individual. To maintain an individual

identity the vitipez associated with one individual must be highly-

correlated ft-OM ruh to run: indeed, some variables (e.g., sex) must

yield the same score value every time that individual is accessed.

This means ih effect that the variablescannot be randomly generated

from "scratch° och time the program is run. For these variables,

parameter Talks for each individual must be stored permanently to

enable the required consistency to be maintained.
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At the same time, there are other variables associated with

each individual which simulate learning by changing systematically

over time in response to the particular educational treatments that

are administered. In addition, we desired the effects of each treat-

ment to be modified by the characteristics of the subject to whom

it was administered. Since a problem typically contains thousands

of subjects, hundreds of variables and several treatments,'it is

obvious that it would have been impossible to store all the results

in a data bank to be accessed on demand.

The FEHR-PRACTICUM data generator incorporates the strengths

of both the data bank and random generation methods. The overall

strategy was to construct a small "internal" data base which en-

capsulated the desired interpersonal and intrapersonal relation-

ships. This data base provides the stability that is needed in

order to recover for each indiVidual his own unique pattern of

scores each time he is referenced. These score patterns ought to

be consistent both across time and across the set of variables

available in that problem. For instance, the Otis IQ score for a

particular siMulated individual should remain relatively constant

(within measurement error) from one simulated time period to another.

Also, a simulated individual who sCores high on the Otis IQ ought

to score high on the Stanford-Binet IQ. In.addition, any simulated

individual with a high IQ score (regardless of the test used) ought,

in the absence of other moderating variables, to be doing quite well

in school. These consistencies are provided by an internal data

base with a prescribed pattern of intercorrelations.

Internal Data Base. The internal data.base was constructed by

a procedure that can best be described as the reverse of a factor

analysis. A set of five independent factor'scores was randomly

generated for fifty individuals. Fifty-three internal variable

scores were then generated for each individual by taking different

linear combinations of the five factors. The correlation between

pairs of internal variables was controlled by the amount of common-

ality in the combination rules by which the'variables were created.

In this way_we were able to create fifty prototypical individuals

each having fifty-three "true" scores whichlmaintained pre-specified
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intercorrelations. Each variable was then transformed to normal

deviate form, and the resulting 50 x 53 matrix of Z scores were

stored as a block. Nine such blocks were created, each having a

different pattern of intercorrelations. This enables us to simu-

late homogeneous intact groups with widely differing characteristics

from group to group. Each simulated group is referenced to one of

the nine blocks; and each subject within the group is referenced to

one of the fifty prototypical individuals within that block. Every

time the scores for a particular individual are needed, the same

set of internal variables is accessed. These internal Z scores are

never seen by the research team: they are used internally to gen-

erate the external or raw scores which a team receives.

Generating External Scores. There is a distinction in the

social.sciences among nominal, ordinal, and metric (interval or

ratio) scales of measurement. This distinction was built into the

FEHR-PRACTICUM data generator by varying the way am intstmal variable

was translated into an external variable. Each externaT wariable

was labeled a priori as to scale type, and this was ciaded into the

program. When a variable is requested, the code is-used to choose

the appropriate procedure for translating the intero2. score into

an external variable score. The translation is performed every time

the variable is requested according to translation parameters stored

in the program.

For all metric variables, an individual's internal Z score is

first translated to an external score by the formula

Score = [ZI(r) + ZR/1 rc] a +

where ZI is the individual's internal Z score, ZR is a randomly gen-

erated Z score, and r, a, and u are stored parameters prescribing

the ieliability, standard deviation, and mean of the external var-

iable being generated. These three parameters must be stored for

each external variable. The expression within the square parentheses

yields the Z score of the external variable. The first component

of the expression derives from the "true" score and the second is

the error of measurement. The relative sizes of the two components

is controlled by the reliability parameter. The range of raw score
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alues is controlled by the a and p parameters.

Ordinal data are generated using the expression within square

parentheses in the score formula. Second, each external Z score

is then translated to its decile value in'the normal distribution.

Third, the decile value is matched to an external .score. Thus, for

each external variable of the ordinal type a reliability parameter

(r), and ten decile values must be stored within the program.

Nominal data are generated in two wayS. Wherever the external

variable is required to change its distribution acroSs categories

in response to a treatment effect, nominal data are generated by

exactly the same general procedure as ordinal data. The only di'r

ference is that the external scores matched to the deciles need not

be arranged in order of size. However, theresare certain nominal

variables for wh.th it was desirable to maintadn a more direct=on-

trol over the ccrrelation -between categoTy meNnership and the scores

on other variabes.. Sex, number of siblings,:and ethnic group are

examples of this variable type. For these crttical variables,-the

actual category membership was stored as one of the:53 internal

variables.

Multiple Use of Internal Z Scores. A single internal Z score

can be used to generate the sCores on several different tests, pro-

viding they have the same underlying construct. For example, all

the IQ scores for one individual are generated from the same internal

Z score, Similarly, the scores on many different reading tests can

be generated from a second internal Z score. Since these two in-

ternal variables have a prescribed "true" correlation, the corre-

lation of external variables will tend to have the same value.

The amount of variation in the external correlation from sample to

sample is a function of the reliability Parameters of the external

variables concerned.

In the same way that a single internal Z can be used to gen-

erate many external scores, it is also possible to use the vector

of 53 internal Z scores which describe one prototypical individual

to generate many different external individuals (i.e., research

subjects). The external scores of subjects generated from the same
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internal prototype can be quite different because the error com-

ponent for each score is generated randomly.

The multiple use rationale is also extended to each block of

internal 7_ scores. We can use the same internal block to represent

external groups with radically different score patterns (e.g., a

grade seven class and a grade eight class) by supplying a different

set of variable parameters.

PROGRAM ALGORITHMS

The purpose of this section is to provide a logical description

af the specific algorithms used in generating the simulated scores

called for by a user's request. The term request as used here is

aefined as a set of punch cards which relate to a single operaticm --

that is, to a file search, a survey, or an "experiment" involving

the administration ,crf different educational treatments to groups

af simulated subjects. Specific instructions for preparing a request

are given on pages TIDO to 110 of the Game Manager's Manual and in

the Players' Instructions on pages 14 to 19. For convenience, the

operation of the various program components are described here in

the order that they are called by the request deck.

Throughout this description we shall be using a variety of

familiar terms which have had somewhat different meanings within

FEHR-PRACTICUM. A list of terms with unique meanings appears below.

Research Population. The research population of a problem con-

sists of all the subjects which can be used in that problem.

A complete listing of all subjects in a given problem appears

in each Request For Proposals (RFP).

Subject I.D. Each subject is identified by a seven digit I.D.

number consisting of three segments. In the general case -

the first two digits identify the unit, the next two digits

identify the sub-unit, and the last three digits identify the

particular subject within a sub-unit.,

Units'and Sub-Units. Units and sub-units are a general method

of identifying particular groups within a research population.
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For example, in the remedial arithmetic problem the unit: iden-

tifies the school which a subject attends and the sub-unit

identifies his classroom withtn that school. In the busing

problem, the Unit identifies the school a subject is now

attending and the sub-unit identifies his former school. The

specific meanings of units and sub-units for a particular

problem are defined in the RFP.

Catalog of Variables. Each RFP contains a catalog of variables

which lists each variable that can be used in that problem.

For each variable, the catalog provides the following infor-

mation: (1) a three digit index used to identify the variable

to the computer, (2) whether or not the variable can be used

in: a file search, a survey, or a treatment, and (3) the cost

of obtaining one subject's score on that variable.

Observation Time. Within the simulation only a limited number

of different observation times (testing times) may be provided.

Each problem defines a particular beginning time (e.g., the

first day of school) as time zero and a time unit (e.g., one

week); within the problem all observations must then be ex-

pressed as a two digit number representing the number of time

units after time zero (e.g., time 05 would mean five units --

weeks -- after the:beginning time).

File Search. A file search retrieves each subject's score on

'particular tests administered some time in the past. Therefore,

a file search will return exactly the same score for a par-

ticular individual each time it is used. Since no actual

testing is involved, file searches are much cheaper than surveys.

However, variables which are identified in the catalog of var-

iables as available on file can also be obtained via a file

search if the researcher desires to do so.

Survey. A survey refers to information collected by the admin-

istration of a test or tests at the present time; that is, at

time zero in the simulation. (Each RFP package provides a

definition of time zero.) Each time a survey is conducted,

the test(s) are re-administered. Individual research subjects

38

Rn



wiT1 get somewhat zlifferent scores in differer -. surveys because

of errors of measurement.

Treatment. In FEHR, the term treatment refer:: to a subroutine

which changes a subject's test scores over time. Each treat-

ment is identified by a two-digit code. Vartables change over

time at different rates depending on which treatment is admin-

istered. Tests can be administered at any time during a treat-

ment from zero up to the maximam time availablein a problem.

The meaning of time zero, the size of a unit uftime (e.g.,

weeks, months, years) and the maximum time auailable are all

specified in the RFP package.

Treatment Group. A treatment group is a set of simulated sub-

jects who receive exactly the same treatment and tests. Note

that it may. contain several "groups" from a research design.

For example, if sex and race were design factors, males and

females of all races could be included in the same treatment

group. This would be advantageous in cases where it costs more

to administer the treatment tn four small groups than to a

single large one.

Card. A card refers to a single line of instructions for the

computer such as mdght be priinted on a single_punch card. Such

an instruction uauaTly contains letters, words, and/or numbers

which must be in particular pnsitions in the line. Each card

has only a limited number of posittons: the maximum number of

characters -- including letters, numbers, and blanks (or

spaces) -- on any one card is 80. .Cards must baentered to a

computer in a specific order which is prescribed by the in-

structions which follow.

Column. A column refers to the position from left to right on

a card or line., The first position is column 1, the second

column 2, and so on. Columns are exactly equivalent to spaces

on a typewriter. Each column may contain any legal typewriter

character -- including a blank. Note that a blank is entered

with a typewriter space bar.

r
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Line. A line refers to a position on a private computer file.

This can be thought of as successive lines on a printed page.

A line in a file is an exact counterpart of a card. Again,

the lines must appear in the order specified by the instructions.

Step... A step refers to a group of cards or lines which are

related to the.same computer operation. For example, all the

cards listing the ID's of the subjects in a particular sample

are in the same step.

Steps in Generating Requested'Data

To run a request it is necessary to have each of the following

program components available: the data generator's main program,

the data generator problem packet for the problem being used, and

a random access file designated INT which contains the nine blocks

of _internal Z scores (450 lines with 53 scores per line). Detailed

,Jirections for implementing the program at 'a hew site are provided

in the game managers manual. The process by which the program gen-

erates the requested data is described below in order of request

steps.

Step One. The first step in a request deck consists of a set

of one or more cards which set a series of program switches or keys

to control the operation of a variety of optional features built

into the FEHR data generator. The card or cards for step one are

prepared by the game manager and supplied to each team prior to

their first computer run. The operation of each key is described

by the excerpt from the game manager's manual which appears in

figure 2.1.

Step Two. The second step of the request deck consists of one

card which identifies the data generation subroutine to be used --

file search, survey, or treatment -- and provides the program with

a random number parameter. This parameter defines the starting

place in the generation sequence. If identical requests are run

with identical random number parameters, they yield identical re-

sults. If the parameters are not identical, the results will differ

by randomly generated measurement errors.
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STEP 1. CARD 1

Column Key Operation of Key (Note: A blank can be substituted for O.)

1 0 No summary statistics are printed.
1 Means and SD's for all variables are printed at the end of each

new file search, survey, or treatment.
2 Means and SD's for all variables are printed at the end of each

sub-unit within a file search or survey. Not used for treatments.

2 0 Only the regular printer output (device 6) is obtained. (These
are not suitable for direct analysis because they contain many
titles and the like.)

1 Data is output on computer file device 7 as well as on the regular
printer (device 6). This permits the user to punch the device 7
results on cards or store them on disk, and still receive a printed
output from device 6. The results from device 7 do not contain the
headings or titles, and are in a more compact format than device 6
output.

3 0 Variable headings are printed for each new sub-unit within a file
search or survey, but (as above) only once for each new treatment.

1 Variable headings are printed only at the beginning of each new
file search.

4 0 The costs are accumulated and continuously compared with the maxi-
mum budget entered by the team. When the charges exceed the budget
by 5%, the request is aborted.

1 Costs are computed 4s above, but there is no abort if the budget is
exceeded.

5 0-9 This is the number of subject ID's to be entered on each line.
Normally a key of 0 (zero) is used to indicate-ten ID's per line.
However, you would use a 1 here if the card outputs from a previous
survey or file search were to-be used to identify the subjectsfir
a subsequent run. Any other number between 2 and 9 can be used if
the local devices re uire it but note that blank ID's are i nored.

6 0 Variable scores will be returned for each legal ID entered.
Some students will drop out or move within each survey or experi-
mental treatment (but not in a file search). Different students
will drop out for each different computer run, but the proportions
will be about the same. These proportions (probabilities of at-
trition) do vary from problem to problem, however, and from group
to rou within problems.

1

7 0 The usual built-in treatment effects are in operation.
1 The built-in treatment effects are each multiplied by a signed

decimal constant. This allows the Game Manager to magnify or
decrease differences among treatments. It would normally be used
only when there were strong pedagogical reasons for changing the
treatment effects. If a 1 is entered in column 7, a treatment
multiplier card must follow imediately after the key card.

STEP 1. CARD 2

This treatment multiplier card is necessary only if a 1 appears in
column 7 or the key card. It contains a multiplier for treatment 1
in columns 1-4, for treatment 2 in columns 5-8, for treatment 3 in*
columns 9-12, and so on up to the total number of treatments. Each
multiplier should be a decimal number.

Figure 2.1. Function of the Keys (or Snitches) Entered in Step One of a aequest.
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Both the request deck and the generation algorithms are dif-

ferent for treatments than for surveys and file searches. In this

desCription, steps three to eight describe file searches and surveys

and steps nine to thirteen describe treatments.

Steps Three through Eight: File Searches and Surveys

Step Three. The third step consists of one card which defines

the maximum amount of money which can be spent on this file search

or survey. Unless the cost default switch was activated in step

one, the computer will accumulate costs as each subject is tested

and compare the accumulated total with the maximum budget each time.

When the total exceeds 105% of the maximum, the computer prints a

message that the budget was exceeded then aborts the run.

Step Four. The fourth step consists of one card containing a

list of up to twenty three-digit variable indices. These are checked

for validity by the program then stored in memory for future refer-

ence.

Step Five. The first card in step five contains a key which

determines whether the "secretary" subroutine is to be invoked.

If the key is zero, the computer proceeds with the next step. If

it is one, the computer reads and stores a series of Boolean state-

ments to be used in selecting the subjects. Any of the operators

for a FORTRAN logical IF statement may be used to define the desired

subjects in terms of their scores on the variables requested in step

four. For example, a Boolean statement could be used to print only

those subjects who scored less than 2 on the first variable and more

than 3 on the second variable. Comprehensive instructions for the

use of the secretary feature are provided in the IST unit Using the

FEHR Secretary.

Step Six. Step six consists of one card defining the number

of cards in step seven.

Step Seven. Step seven consists of one or more cards containing

the ID's of the subjects for whom data is to be returned. These are

checked for validity, then stored in memory for future reference.

5 4

42



Generation Proces,s. The program now has sufficient infor-
,

mation to proceed with the generation of variable scores

for each ID listed. This is accomplished by the search

and conversion subroutines.

The search subroutine uses the three part ID to

attach one of the 45° lines of the internal data base to

each individual. Each unitsub-unit combination is refer-

enced to one of the nine internal blocks. A particular

line within the block is then selected by a procedure

that ensures that the same line is.always associated with

the same individual and that a line is not reused until

all other lines in the block have been used. The line of

internal scores is read from the random access file and

then modified according to the sub-unit parameters stored

in memory. Four other parameters (Ml, M2, M3, M4) are

computed and used to control the conversion from internal

scores to external scores. The parameters are pointers

used by a conversion subroutine: their function is de-

scribed in a subsequent discussion of that routine. These

four parameters are stored separately for each sub-unit

to permit control of intergroup differences.

When the appropriate line of INT has been attached

to each ID, the four parameters and the set of internal

scores (ZVAR) are witten in normal deviate form onto I/0

device #3, which is a sequential scratch file. The full

contents of this file are subsequently used by the other

algorithms. Once this sequential file has been constructed

for a particular request, the internal data base is not

referenced again and the storage allocated to it can be

released.

The conversion subroutine generates the external

scores requested by the player from the internal Z scores

stored on I/0 device #3. Each external variable has asso-

ciated with it a number of parameters that are used in

this conversion process. One parameter indicates whether

5' 5
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the variable is nominal, ordinal, or interval, and whether

it is available on file searches, surveys, and/or treat-

ments. Should it be unavailable for the routine requested,

then a value of -99 is returned as the variable score.

Another parameter indicates which is the appropriate in-

ternal variable to use for the conversion. A third pa-

rameter indicates for each external variable classified

as interval the.population mean for the particular unit-

sub-unit combination referenced, while the fourth pa-

rameter indicates the standard deviation of that popu-

lation. Unreliability in the external scores is intro-

duced by using the fifth parameter, reliability, in the

manner previously described. In the case of a survey,

a different error component is generated each time. For

file searches the random number generator is preset to

the same value every time the sanie variable is requested

for a particular individual. Thus, the same score is

generated each time a file search is conducted of that

individual. File searches do not return errorless or

"true" scores -- they simply use the same measurement

error each time.

Through all of this there is the possibility that

the random number generator will cause the external score

to be too large or too small to be practically feasible.

It was necessary to check each score to make sure it did

not exceed the maximum or minimum values established from

the test manuals or from the literature. If an external

score exceeded the maximum, it was set equal to the maxi-

mum parameter. Similarly, if it fell below the minimum,

the score was set equal to the minimum.

In performing an ordinal scale conversion, the stand-

ard normal distribution was divided into ten equal prob-

ability regions and a certain external score was attached

to each region. The internal Z score had unreliability

added to it in the same manner as for continuous variables.

Then the modified internal Z s'core was examined to see in
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which region of the normal curve it fell and the attached

external score was then used as output. For ordinal var-

iables, only the first three parameters were necessary,

with the third being a pointer to the appropriate vector
of ten external scores.

Many of the variables usually considered nominal were

capable of being generated by the ordinal procedure de-

scribed above. However, certain critical nominal variables

(e.g., sex and race) were stored directly in the internal

file. These stored values were used as the external scores

of the variables without conversion. Consequently, only
the first parameter was necessary for variables of the

nominal type.

A technique to obtain a substantial amount of data

compression throughout the conversion process was to asso-

ciate with the unit-sub-Unit portion of each ID a set of

pointers to the previously discussed parameters rather

than the parameters themselves, For example, in many

problems there is a need for vastly different variable

means from subgroup to subgroup. Rather than have the

mean for each variable attached directly to the sub-unit

thus many sub-units could be pointed to the same vector of

means just by repeating a single digit. This procedure

was also followed for the standard deviation, reliability,

maxima, and minima parameters. The pointers were attached

to each individual depending on his sub-unitmembership in

the search subroutine, and became part of the sequential

scratch file on I/0 device #3.

Step Eight. The last step in a file search or survey consists

of a single card which contains 'END' if the run is now complete,

'MORE' if more than the maximum number of variables (19) was desired,

and 'NEW' if a second request (e.g., one or more treatment groups)

are to be obtained on the same run.
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Steps Nine through Thirteen: Treatments

Step Nine. Step nine is actually the third step in a treatment

request. It consists of one card wh*ich identifies: (1) the number

of cards of subject ID's, (2) the number of measurement or obser-

vation times, (3) the number of different treatments to be admin-

istered to these subjects.

Step Ten. Step ten consists of one or more cards listing the

ID's of the subjects in this treatment group (i.e., all getting the

same treatment).

Step Eleven. Consists of one card.for each measurement time.

Each measurement card begins with a two digit number identifying

the time at which the measurements were taken, followed by a list

of three digit numbers identifying the variables to be measured at

that time.

Step Twelve. Following the measurement cards are one or more

treatment cards. Each of these list two things: the time at which

the treatment is to begin and the index of the treatment to be ad-

ministered.

Generation Process. The concept of external treatment

was implemented by modifying the internal variable rather

than operating on the external variablei directly. It

was necessary to follow this procedure so that external

scores that ought to covary would continue to covary after

the treatment was applied. For instance, the treatment

ought to affect the general ability to read rather than

just one particular reading score.

The modification of the internal variables due to a

particular treatment is accomplished by the treatment sub-

routine which consists of two parts. First, each indi-

vidual's treatment time is modified. Second, the amount

of growth on each variable is calculated from the appro-

priate stored parameters and the modified time parameter.

This has the effect of creating a different growth curve

for each simulated subject. In c41culating the time
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modification, the time modification is determined by the

initial values of the internal Z scores of the individuals.

Then the weighted sum of internal Z scores is computed

and divided by the sum of the weights. Since the mean

value of the internal Z scores is by definition zero, the

mean value of the weighted sum divided by the sum of the
weights is also zero. This ratio will be larger than

zero whenever the average value of the heavily positively

weighted variables was larger than zero and the heavily

negatively weighted variables was smaller than zero. The

larger the scores of the positively weighted Z scores,

the larger the ratio will be and similarly for the neg-

at4velyweighted Z scores-. -The time specified-by the

player is multiplied by this ratio, and the result added

to original time to produce a modified time. The modified

time will be larger than the player specified time for

thrlse individuals that are superior in the positively

weighted variables and/or inferior on the negatively

weighted variables. It will be smaller than the player

specified time for those individuals that are inferior

on the positively weighted variables and/or superior on

the negatively weighted variables.

After the modified time is determined, a treatment

effect is computed. This effect is computed as the amount

of change in the initial internal Z score. It is achieved

using a set of treatment curves that are specified in the

following manner. For each of the internal variables

that can be changed there is a unique curve specified for

each possible treatment. The curve is the amount of Z

score gain as a function of modified time. The curve in

all instances is stored as a set of four parameters which

can specify a large number of different treatment curves

of the type required. Technically, the 'parameters specify

a set of possible transformations to the hyperbolic tan-
gent curve. The hyperbolic tangent was chosen purely be-

cause of its convenience in allowing a large number of

reasonable treatment curves to be specified.
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When all of the internal variables have been modified

using the modified time parameter, the full set of inter-

nal Z scores is then written out on another sequential

scratch file for use in the conversion subroutines from

internal to external scores. That is, once an internal

score is changed, it becomes the operative internal score

for the individual. We choose to operate on a copy of

the internal data base rather than on the internal data

base directly because one line of the latter can represent

many individuals and since different individuals can be

put into different treatments, then it is essential that

the copy be used rather than the original.

Step Thirteen. Step thirteen consists of a single card which

specifies 'END' if the run is completed, 'MORE' if another treatment

group from the players' experiment is to be generated, and 'NEW' if

another run is to follow (e.g., two different experiments).

SECTION II. DEVELOPING A PROBLEM PACKET

It was mentioned previously that the FEHR computer program re-

quired a separate problem packet for each of the eight problems.

Each packet specifies a uniquL set of program parameters which de-

fine the research population, the educational treatments, and the

variables to be used in the problem concerned. The purpose of this

section is to describe the process by which these problem packets

were developed. Our intent here is to provide just enough descrip-

tive detail to give the reader an understanding of the scope and

complexity of the problem development task.

There are three main phases in the development of a problem

packet: (1) operationalizing the problem, (2) specifYing the

program parameters, and (3) preparing the problem packet (card deck)

which defines these parameters for the computer. Each phase is de-

scribed under the appropriate he&ding below.

Phase 1: Operationalizing the Problem

The task of preparing a specific operational statement of the

problem to be simulated is similar to the specification of a problem
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to be researched. The major difference lies in the amount of de-

limitation required. Our procedure consisted of the following ten

steps.

1. The content of the problem was identified, and delimited

to a researchable scope and size.

2. The literature was searched for previous research relevant

to the problem area. A summary of each relevant study was

prepared and put in the Information Bank.

3. The problem to be developed was then defined operationally

as a discrepancy between what is happening in the (simulated)

system and what should be happenino in the system.

4. A finite set of possible treatments for remediation of the

problem was identified. A verbal description of each treat-

ment and its anticipated effects was then prepared. In

general, it was impractical to have more than ten treatments

in a problem. (The current educational practice was always

included as one of the treatments.)

5. The nature of the research population is specified, and

each of thesub-groupswithin it. The nature of the dif-

ferences between sub-groups was then described in detail.

A sub-group is here defined as any set of subjects who may

be expected to have different initial score patterns or to

respond to treatments in a unique way.

6. The set of dependent variables (tests) which were to be

available in the problem were selected. This list included

any variable which should change as a re'sult of a treatment.

Next, for each variable, the population mean (M), standard

deviation (S), and reliability (R) was defined. In the

case of standardized tests, the published statistics were

used for this purpose. Otherwise, arbitrary values which

appear reasonable to -describe the population were chosen.

Where multiple statistics were necessary (e.g., when various

grade levels had different means and standard deviations)

a table of statistics was prepared.
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7 The set of independent variables which were to be available

in the problem was selected. This list included any var-

iable (test score) which should not change as a result of

a treatment; e.g., sex, race, sibling position, SES, and

(frequently) IQ. For all except the nominal variables the

population mean (M), standard deviation (S), and relia-

bility (R) were defined. Again, the published norms were

used for standardized tests and arbitrary values were chosen

for the remaining variables. As above, tables were pre-

pared whenever multiple statistics were required.

8. Both the independent and dependent variables were organized

into clusters which seemed to be measuring approximately

the same thing. Each variable within a cluster was expected

to react to treatments in a similar manner. Thus it was

possible to generate all the variables within each cluster

from the same internal variable. The goal was to have as

few interne variables as possible -- particularly criterion

(dependent) variables. In subsequent discussion, we shall

call these internal references the construct variables.

In general we aim to have between ten and twenty constructs,

excluding any of the built-in nominal variables. To save

space, a number of unimportant variables were clustered

about a "garbage" variable and made to appear different by

giving them low reliabilities.

9. The sub-groups from step 5 were now clustered into sets

having similar minority/majority (e.g., black/white) dis-

tributions. All sub-groups within each cluster can thus

be referenced to the same internal block.

10. The problem specifications developed above were reviewed

to determine whether further delimitation was necessary.

The upper limit for the total parameter set is roughly

defined by the expression

NSG[9(NEV) + 6!NIV + NDV) + 4(NT)(NOV)3

where NSG is the number of sub-groups, NEV is the number

of external variables, NIV is the number of independent-
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variable constructs, NDV is the number of dependent-variable

constructs, and NT is the number of educational treatments.

As a rule of thumb, the problem was further delimited when-

ever the value of the expression exceeded 10000.

Phase 2: Specifying Program Parameters

The program parameters for a problem were specified by filling

out a seriLs of thirteen forms. Facsimilies of these forms are re-

produced on the following pages. Cross-check information regarding

the preparer, the preparation date, and,date of entry into the com-

puter was included on each form, but has been omitted from all but

form 1 here to save space. The information required by the forms

was recorded in the following steps.

1. The clustered variables from step 8 and the corresponding

means, standard deviations, and reliabilities were entered

in the blanks to the left of the double line on form 1.

The members of each cluster were entered contiguously, and

horizontal lines were drawn to separate the clusters of

variables from one another.

2. One of the construct variables from internal data base in

the file INT was chosen to represent each cluster of ex-

ternal variables. A complete listing of the 53 construct

variables in INT appears in figure 2.2. The placeholder

names of the variables were used as a guide in this process,

but these were not considered definitive labels. Also,

the correlation matrix for INT was used as a guide in se-

lecting construct variables. But it was only necessary for

the correlations to roughly approximate their theoretical

values (i.e., within .25), since it was possible to adjust

correlations by means of the Z-add device. This process

will be discussed in a subsequent section.

3. A list siMilar to that in figure 2.2 was used to check off

which of the INT variables were to be used in the'problem.

These were then entered in ascending order on form 2 in

the first and third columns. Since only the constructs

actually used are read from INT in any one problem, the
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COMPLETED BY:

DATE ENTERED BY:

ON

ON

FORM 1: DEFINITION OF EXTERNAL VARIABLES

PROBLEM:

PAGE OF DRAFT

VARIABLE
NAME

VARIABLE NORMS EXTERNAL
INDEX

' 4 LETTER CODE
, LINE 1111NEr 2

NAMES CONSTRUCT
INDEX

VARIABLE:

, TYPEMF- t R LINE 3
.

A

FORM 2: T EATMENT WEIGHTS FORM

NEW
CONSTRUCT
INDEX

CONSTRUCT
DESCRIPTION

VARIABLE
INDEX
IN BLOCK

TREATMENTS

1 2 1 3 4 5 6 7

1

FORM 3: VECTORS OF MEANS

EXTERNAL
INDEX NAME 2

1

'AMEAN
5 1

6Jt
9 10 11

2

FORM 4: VECTORS OF STANDARD DEVIATIONS

EXTERNAL
INDEX NAME

r§bi
2 3 4 5 6 7 8 9 10 11 12 13

1
i

2 .4.

FORM 5: VECTORS OF RELIABILITIES

EXTERN'L
INDEX NAME

ill
.RELIABIcrrnffr

,

1

IN 1111111N1

FORM 6: VECTORS OF MAXIMUM VALUES

EXTERNAL
INDEX NAME

1

2

FORM 7: VECTORS OF MINIMUM VALUES

EXTERNAL
INDEX NAME

'MVMIN'
1 2 5 6 7 V 9 10 11 12 13

1

2
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FORM 8: DEFINITION OF SUBPOPULATIONS

SEARCH SUBROUTINE PARAMETERS

GROUP (UNIT SUgUNTY) N nak MEAN S.D. MmiN RET Z-ADD PRIME

FORM 9: DEFINITION OF SAMPLE SIZES FOR UNIT/SUBUNIT COMBINATIONS

FORM 10: VECTOR DEFINITION FOR QUASIDISCRETE VARIABLES (See Form 11
ve

VARIABLE Z INDEX TITLE CATEGORIES IND'ICESOF VECTigUSED

, I

FORM 11: VECTORS USED FOR QUASIDISCRETE VARIABLES

VECTOR
INDEX

1

10% 20% 30% 40% 50% 60% 70% 80% , 90% 100%

1

2
-

FORM 12: Z-ADDS FOR CONSTRUCT VARIABLES

NEW
CONSTRUCT
INDEX NAME

1

2

Z-ADD INTERNAL

J-, 2 3 4 5 6 1 8 9 T57 11 1-2

I
,

FORM 13: DEFINITION OF TREATMENT EFFECTS FOR TREATMENT

NEW
CONSTRUCT
INDEX DESCRIPTION X Y ORIGIN ROTATION CURVE

1

2
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INDEX
IN BLOCKS PLACEHOLDER VARIABLE NAME

VARI BLE
INDEX
IN BLOCKS PLACEHOLDER VARIABLE NAME

1 Perceptual Motor 34 ReadingAchievement

2 Visual Comprehension 35 Oral Reading Skill

3 Physical Science Achievement 36

_______

Language General

4 Social Studies Achievement 37 Garbage Variable

5 Arts & Humanities Achievement 38 SES Level

6 Health Science Achievement 39 Writing Ability

7 Attention Span 40 Problem Solving_Ability

8 Peer Interaction 41 Reasonin. Abilit

9 Class Partici.ation 42 Percestual Abilit

10 Willingness to Work 43 Age

11 Visual Memor 44 Visual Perception Skills

12 S 4 4i, Auditor Perce.tio Skill

13 Visual Motor 46 Personality Type

14 Auditory Memory

Auditory Comprehensior

47

48

Motor Abilily

Memory15

16 Balance & Posture 49 Health

17 Word-Study Skills 50 Sex: 1 = Female

18 Attitude to Ma'or Area 2 = ale

19 Human or Social Skills 51
I nl.c_

I = Ma"orit white

20 Mathematical Concepts 2 = Minorit black

21 Arithmetic Computation 52 FMLY RLTN: 1 = only child

22 Non-verbal A titude 2 = oldest ef 2

23 Word Approach Skills = vgungest gf 2

24 Word Com rehension

25 Readiness to Learn

---4:--11-21ittit-Dia--5.--

5 = middle of 3-5

26 Verbal A titude 6 = oun.est of

27 Total IQ = olde 6+

28 Parents Occupation 13 = middle of 6+

29 Parents Education 9 = youngest of 6+

30 Present Achievement (General) lhal: 1 = both parents

31 Classroom Behavior 2 = divorced arents

32 Attendance 3 = mom dead

33 G.P.A. (Past Achievement) 4 = dad dead

= step-parent .

Figure 2.2. Summary of the Internal or Construct Variables
Contained in the INT File.
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number in the second column now becomes the construct index

for the problem concerned. These indices were entered under

the "construct index" heading on form 1.

4. At this point, the material on form I was frequently re-

organized so as to group variables by their external meaning.

For example, all aptitude tests could be grouped together,

regardless of their internal construct. When the reorganized

material had been copied to a new form, the remaining col-

umns of form I were completed-as follows.

(a) The external variable indices were developed by num-

bering from the top down in the first column to the

right of the double line. (Note: All material to the

left of the double line is real-life information, while

that to the right defines the state of affairs inside

the computer.)

(b) The four-letter codes columns were filled with mne-

monic aids to variable recognition. These three codes

will be printed by the computer on three lines, one

below the other.

(c) The construct indices were checked for accuracy.

(d) The "variable type" column was completed according to

the key given below. (Note: A variable was defined

as quasi-discrete whenever the normal deviate score was

to be transformed to an ordinal or nominal scale. For

example, parents' education or SES might be generated

as quasi-discrete variables in order to control the

percentage of cases in each category. Discrete var-

iables are those stored directly; that is, variables

generated from variables 50 through 53 in figure 2.2.

KEY

1 = Continuous
2 = Quasi-Discret]
3 = Discrete
4 = Continuous
5 = Quasi-Discrete
6 = Discrete
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7 = Continuous
8 = Quasi-Discret Variables available on survey
9 = Discrete and treatment.
10 = Continuous
11 = Quasi-Discrete Variables available on treatment
12 = Discrete J only.

(e) The variable and external indices from form 1 were

copied into the first two columns of forms 3, 4, 5, 6,

and 7.

5. The sub-groups of the research population were organized

into units and sub-units according to two external classi-

fications. Thesa were usually physical groupings such as

schools (units) and_classrooms within schools (sub-units).

These were listed on form 8 in any logical order which

maintained the contiguity of sub-units all belonging to a

particular unit. The "group" column was used to verbally

define the external name of the group. The "unit" column

was filled in by entering a "rfor all groups in the first

unit, allefor all groups in the second, and so on. The

sub-unit column was then completed by numbering contin-

uously (form 1) within each unit.

6. An arbitrary sample size was then defined for each group,

and entered under the "N" heading on form 8. For convenient

computer entry, this information was then duplicated on

form 9.

7. Each sub-unit was assigned to a block according to the de-

sired majority/minority proportions. The appropriate index

was then entered in the "block" column of form 8.according

to the following key.

BLOCK % BLACK POPULATION

1 1%
2 10%
3 25%
4 40%
5 50%
6 60%
7 75%
8 90%
9
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8. Systematic differences in patterns of scores from sub-group

to sub-group were created by defining a Z-add for each con-

struct variable within each group. A Z-add is a constant

which is added to the nominal deviate "true" score before

an external score is generated. Thus a Z-add of + .5

would raise each subject's true score and the group mean

score by half a standard deviation. A different vector of

Z-adds was defined for each cluster of sub-groups developed

in step 9 of the operationalizing phase. A Z-add values

for the first cluster was entered in column 1 of form 12

for each construct variable. Then values for the second

cluster were entered in column 2, and so on. When this was

completed, the appropriate vector indices were entered on

the Z-add c6lumn of form 8. Groups referenced to different

vectors exhibited different patterns of true scores.

A second function of the Z-add variables which is less

obvious is that they also influence the intercorrelation

among constructs. Although the procedure is in practice

very complex, the idea is simple. Whenever it was desired

to increase correlations, identical amounts were added to

all the target variables within each vector, and the dif-

ferences between vectors were emphasized. When reduced

correlations were desired, the Z-adds of the target var-

iables were given opposite signs.

9. Vectors of means for form 3 were developed as follows.

First, an "expected mean score" for the first sub-group

listed on form 8 was entered in column 1 for each external

variable of the continuous type, and a -1 for each variable

which is discrete. For each quasi-discrete variable an

index number was entered: this index referred to one of

the quasi-discrete on form 11.

Form 11 was developed by the following process. When

the first quasi-discrete variable was encountered, the first

vector (line) of form 11 was completed by entering in each

column the value to be printed if the internal Z score was

6 9
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in the decile indicated by the column heading. A "1" was

then entered in column 1 of form 3 to indicate that the

'first quasi-discrete vector was used. When the second

quasi-discrete variable was encountered,.the "1" index

could be re-used if it defined the desired output, or a

new quasi-discrete vector could be defined and the index

"2" entered on form 3. This process was repeated until

all the quasi-discrete variables were indexed.

i!k.t the end of the above process, each,variable listed

on form 3 had either a mean value or an index number in

column 1. At this point, a "1" was entered in the MEAN
--'

column of form 8 opposite the first group to reference it

to the first vector of means.

If the next group was expected to have a similar pattern

of external scores, a "1" was also entered opposite group 2.

Otherwise, a second column of means was developed and a "2"

was entered in the MEAN column to indicate that this group

used the second vector of means. The first step in defining

the means of each new group was to examine the existing

vectors for a suitable pattern. If one was found, its index

was used on form 8. Otherwise a new vector was defined on

form 3 and its index was recorded. This process continued

until a MEAN index had been defined for each group on form 8.

10. A similar process was used to define the fectors for stand-

ard deviatiOns, reliabilities, maximas, and minimas. How- .

ever, in each of these vectors all quasi,-discrete and dis-

crete variables were given a value of zero. At the end of

this step, forms 3 through 7 and all but the last column

of form 8 were complete.

11. Thc PRIME column of form 8 was completed by entering a dif-

ferent prime number for each group. These numbers were

used by the data generator to define a starting point in

the random number generator; this was used to ensure that

a file search retrieved the same variable scores for a

particular individual each time he was referenced.
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12. Form 10 was completed at this point to provide a cross-

reference and help eliminate referencing errors. None of

the information on this form was new, it was all contained

from the other forms. All errors exposed were corrected

immediately.

13. The general treatment effects,were defined on form 13.

First, a separate form was prepared for each treatment by

copying the construct indices and descriptions from form 2.

Next four parameters were selected for each internal var-

iable so as to define a genera'i growth curve for the var-

iable which was judged to be consistent both with previous

research and with the pedagogical purposes of the problem.

Several hundred different growth curves had been generatud

by trial and error using a wide variety of parameter com-

binations,. Once a desirable curve,had been selected, we

simply entered the parameters associated with the trial

curve most like the one desired. At the end of this process,

a different growth curve had been defined for each construct

variable for each of the treatments.

14. The interactive or moderating effects of variables upon a

treatment's learning curves were defined by comp'eting the

treatment weight vectors on the right hand side of form Z.

The number in the cnlumn headings refer to treatment in-

dices: the first column of weights will be used with treat-

ment 1, the second with treatment 2, and so on. These

weights were selected according to the fcllowing guidelines.

a. An arbitrary weight between -99 and +99 was entered for

each internal variable used for the treatment concerned.

b. A pOsitive weight implies that the higher the student's

initial score on this particular internal variable, the

further to the right he will move on each of the learn-

ing curves. A negative weight iniplies that the lower

a student's score on this internal variable, the fur-

ther to the right he will move on each of the learning

curves. In both cases, scores at the opposite extreme

produce leftward movement.
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c. The relative size of each variable weight determines

the importance of that variable in moderating the

treatment effects.

Phase 3: Preøarincj the Problem Packet

The card deck defining the problem packet for the problem was

prepared by punching a Fortran data statement for each of the vectors

defined by the thirteen forms. Although this was a time consuming

task, it was largely mechanical, and need not be elaborated here.

Once these packages had been successfully compi. the simulated

problem was ready for formative evaluation, which is dealt with in

the next chapter.
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CHAPTER 3

FORMATIVE EVALUATION AND PROBLEM VALIDATION

This chapter is concerned with the formative evaluation of the

entire FEHR system and the presentation of evidence of the validity

of the eight problems. The material is organized into three sections.

The first section describes the formative evaluation process. The

second section chronicles the evolutionary changes to FEW-PRACTICUM

during the formative evaluation. In the third section a series of

reports from teams who conducted a variety of simulated research

projects within FEHR-PRACTICUM are summarized to illustrate the

internal validity and verisimilitude of the eight FEHR problems.

SECTION I. FORMATIVE EVALUATION PROCESS

The formative evaluation of a problem began immediately after

the first successful compilation of the problem packet. The first

step was to run two successive surveys of a small group of simu-

lated subjects (e.g., a single class) and compute the means, stand-

ard deviations and time-time correlations. These statistics were

then checked against the input parameters, and adjustments made if

large discrepncies occurred.

The second step was to run two extreme groups of subjects (e.g.,

a high achieOng class and a low achieving class) through each of

the available treatments taking pre and post measures each time.

Since the computer set the classes back to the same starting point

at the beginning of each treatment period, this procedure allcwed

a direct check of treatment effects and their interaction with what-

ever variable was used in selecting the extreme groups. Again, ad-

justments to parameters wen. made if the score-patterns were un-

satisfactory.

The third step was to try the problem with a small set of

researcher-trainees. Wherever possible we hand-picked these groups

to obtain both a high level of skill and a high tolerance for delays,

ambiguities and inconsistencies.
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The fourth step was a full-fledged trial of the problem in a

regular class setting. Although this was technically a summative

evaluation of the problem, it was also formative in the sense that

comments and criticisms collected during this phase resulted in

some of the most important system changes. Since the problems were

developed and evaluated sequentially, most of these changes occurred

during the evaluation of the first two problems. A summary of the

comments of the game managers for the first two off-campus trials

are provided to introduce the need for system modifications. We are

particularly grateful for the criticisms of Dr. Candy Garrett of

Indiana University, Dr. Uldis Smidchens of Western Michigan Univer-

sity, and Dr. William Loadman of Ohio State University. Among the

more important comments and criticisms were the following.

(1) Information Bank material was not recent or complete or

accurate enough. Specifically:

(a) Several recent studies were not included in the Bank.

(b) Validity and reliability information was missing for

some variables.

(c) Several variables have been changed so that FEHR out-

puts scaled scores, but only raw score statistics

appear in the Bank.

(2) Definitions of 1-5 scales (egg., distractability) need to

be made more explicit.

(3) The explanation of the use of the FEHR secretary is totally

confusing. Instructions need to be rewritten in a pro-

grammed format with illustrations.

(4) Is it possible for the data cards output from a file search

or survey to be used to define subjects in a treatment

request?

(5) The program was very difficult to debug. Would it be

possible to break it down into smaller sections?

(6) The message generator concept was not useful. Students

experienced a tremendous information overload without

having to deal with teacher strikes.
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(7) It would seem more useful to incorporate some of the IST

material (e.g., how to prepare a request for the data gen-

erator) into the general instructions for the game.

SECTION II. EVOLUTIONARY SYSTEM CHANGES DURING EVALUATION

During the evaluation process needed revisions were made as the

need arose. These covered virtually every component of the FEHR

system. The substantive changes to each component, and the reasons

for each are summarized below.

Introductory Materials

The introductory materials, as conceived in the original pro-

posal, consisted of two separately-bound booklets titled Players'.

Introductory Booklet and Players' Orientation Booklet. In addition,

a"game manager's orientation script" was mentiored. It was to be-

come a section in a comprehensive Game Manpger's Manual. The evalu-

ation results and the ensuing revisions are itemized according to

those headings.

(1) Players' Introductory Booklet. The prototype booklet pro-

duced in 1970-71 consisteu of a narlative introduction to

the game and an illustrated description of Fair City,

U. S. A., the hypothetical city which forms the environ-

ment for FEHR-PRACTICUM research. But, in our first full-

fledged games during summer 1971, we found that players

frequently wished to check information contained in the

Fair City description. Consequently, these two sections

are now bound as separate booklets. The first is titled

Players' Introduction to the FEHR-PRACTICUM Game, and the

second Fair City U. S. A.

(2) Players' Orientation Booklet. The prototype version of

this booklet was a semi-programmed text in which the

players "watched" as a mythical player named Smith com-

pleted a sample problem. It was obvious from the first

use of these materials during the fall semester, 1972

that drastic revisions were necessary. The orientation
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was far too long -- it took almost four hours to complete

-- and it required far too much new mate:'.ial for students

to assimilate. In particular, two major ;lroblems were

identified: (1) the emphasis on the terms "game" and

"decision" led subjects to search for the "best" research

design which they assumed to be hidden in the machine

rather than attacking the problem as they would in real

life, and (2) players had difficulty learning to use

the forms by which they made requests for information.

We experimented with various forms and tried out two

nondidactic approaches in our presentationS to the Psy-

chology 292 class and the author's Education C650 class.

Although the modifications attempted were better received,

there were still complaints about the length of time taken

for orientation.

We next e4erimented with a raaically different

approach. The essence of the new.plan was to provide

each player with semi-programmed instructions for using

each component of the game. The purpose-of the orien-

tation in this context was to teach players how to use

the instructions. The major advantage of the new format

was that players could imsediately begin to solve their

problem rather than beginning with a sample problem.

The programmed instructions as described in chapter I

proved much superior. Approximately 200 students have

now used this version with little or no problem.

(3) Game Manager's Script for Orientation. The script which

accompanied the original orientation was, of course, in-

cluded in the negative evaluution.above, and consequently

dropped. Instead, the Manual now contains a series of

notes alerting Game Managers to areas which cause students

diffl,.Ity and suggesting helpful teaching-strategies.

The Computer Program

One of the first changes to the computer program was to change

the method by which treatments affected test scores. In the initial
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model, each external variable was changed separately. In January 1972

the program was altered so that treatments modified only internal

variables. In the case of PEP, this accomplished a 10:1 reduction

in the number of treatment parameters needed and a similar reduction

in the number of treatment computations.

During that same period, we had encountered difficulties in

translating literal mariables from the IBM format at Michigan to

that used by the CDC 6600. This trouble was resolved in April 1972

when the literal statements were all rewritten as Hallerith variables,

which are available in similar form on all FORTRAN compilers.

As a result of the comments received during our initial evalu-

ation trials, the task of rewriting the entire program in modular

form was begun. This was aczomplIshed by late 1972, but the new

form of the program was not.used externally until 1973. Implemen-

tation at Michigan State University (another CDC installation) was

accomplished in a single one-day visit using the modularized version.

Two additional options were added to the program in early 1973.

First, in line with a suggestion from Ms. Garret, the program was

modified to permit subject ID's to be entered into a request one

per line. This permitted the output from previous runs (or before-

class runs by an instructor).to.be_used,as- input, thus simplifying

the sample-definition task. Second, student mobility factor was

added. Each student population was given a "probability of moving"

parameter. When this feature is used (at the option of the instruc-

tor or game manager) students disappear from the class (i.e., move)

during the course of an experiment. This permits students to ex-

perience the phenomenon of attrition which plagues educational re-

searchers. (Some schools in cities like Detroit l'requently have

attrition rates of 75% per year or greater.)

During the first six months of 1974, the entire program was

again revi-itten to make it more comprehensible to others. Although

none of the algorithms were changed, the logical flow was improved,

and extensive comments inserted. It is this version of the program

which accompanies this report.
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I.S.T. Units

It has been our initial plan to use the In-Service Training

Units to teach people to play FEHR. In addition, they were meant

as a "place-holder" to demonstrate how individualized training

materials could later be inserted to teach the substantive content

of research/evaluation. However, much of the material originally

intended for the IST units was no longer needed after the programmed

playing instructions were developed. Consequently, this version

of FEHR contains only four units instead of the ten originally

planned. However, this does not represent a real restriction of

the product, since almost all of the material for the planned IST

units is incorporated in the instructions.

The Message Generator

In early descriptions of FEHR-PRACTICUM, considerable impor,

tance was attached to the message generator. However, sev?ral of

the early users of the system thought that players already had too

much to contend with and that messages such as notifications of a

teachers strike were of marginal pedagogical use. In the current

vers.-Fon, the message generator concept is an option which may be

used by the game manager, but is not a necessary component of the

-Practicum. (A variety of suggested messages appear in the Game

Manager's Manual.)

The Information Bank

During our first field trials, the Information Bank was roundly

criticized for being out of date and for having incomplete summaries

of the studies represented. Since it was patently impossible to

!'..eep the Bank completely up to date, and since summaries by their

very nature are less than comprehensive, we decided that an error

had been made in defining the role of the Bank. Rather than definirg

it as a simulated library, we now describe it as a set of abstracts

which may be used either as a placeholder for the literature search

(not a substitute), or as a preliminary screening devtce to deter-

mine which materials should be read in their entirety.
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EFLEaskages_(Problem Descriptions)

The early problem descriptions tended to be lengthy narrative

descriptions. These were heavily criticized by many of the early

users. An additional writing burden was imposed by the decision to

develop structured and restricted versions of each problem in ad-

dition to the full-fledged original version. Consequently, there

was an accute need to provide more -compact and-succinct descriptions.

This was accomplished in two ways. First, a hierarchical organi-

zation was developed. Summary information was given first, with

supporting details in a variety of appendices.- Second, the "check-

list of assigned tasks" was developed to permit instructors to de-

fine their own problem structures and restrictions. The latter

obviated the need for multiple versions of each problem. (The

functions of both these devices were fully described in chapter 1,

and need not be repeated here.) The present RFP (Request for Pro-

posals) format was adopted for the third problem (Extended School

Year), and was so well received that the first two problems were

immediately rewritten in that form.

Reduced Number of Problems

The only departure from the original contract specifications

which was not explicitly ratified by USOE was the decision to dis-

continue the development of problems nine and ten in favor of multi-

ple versions of each problem. However, this decision was fully

justified, we feel, for several reasons.

The problems, according to the specifications of the prOgress

report dated October 20, 1972, were to feature performance contracts

based on the data base in remedial arithmetic and the reading assess-

ment problems (2 and 5). However, after three months of exploratory

work, we had failed to discover a vehicle for negotiating the per-

formance contract (e.g., a blank contract) which was realistic and

comprehensi e without being prohibitively didactic. In addition,

the first programming of the READ problem had proven woefully in-

adequate: the entire development process had to be repeated. All

of these events favored the discontinuance of problems nine and ten.
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But the final decision was based on cost effectiveness arguments.

It was, we decided, a better use of time and resources to develop

three different versions (restricted, structured, and unstructured)

than to pursue a problem content which offered little chance of

success. The triple version alternative had the additional advan-

tage of broadening the appeal of the total package, since less so-

phisticated students could benefit from the simpler problem versions.

This turned out to be a particularly fortunate decision: the "check-

list" format eventually developed resulted in not three but many

levels of difficulty/complexity for each problem. (The exact number

is, of course, finite but undeterminate.)

SECTION III. ILLUSTRATIVE FEHR PROJECT REPORTS

In this section we shall attempt to illustrate the validity and

verisimilitude of each problem. It is assumed that the best evi-

dence cf validity and verisimilitude is the" product which resulted.

Consequently, we shall present one illustrative project report for

each problem. Following each illustrative report is a brief summary

of the evaluative comments made by trainees and game managers who

have used the problem. Since these are intended to reflect the

present status of the problems, comments which are no longer apropos

(e.g., because of changes to the system) have been omitted. Since

space prohibits the reproduction of complete reports, only one of

these illustrative projects is presented in its entirety.

In the following pages, a sample final'report and evaluative

comments are presented for each of the eight problem content areas.

Mese are presented in order of their RFP number as outlined below:

RFP001 Perceptual Education Problem (PEP)

RFP002 Remedial Arithmetic (REMAR)

RFP003 Extended School Year (EXTSY)

RFP004 Early Childhood Education (HEADSTART)

RFP005 Reading Assessment Problem (READ)

RFP006 Validation of a Teacher Questionnaire (TQUEST)

RFP007 Remedial Math for Adults (RMA)

RFP008 Busing to Achieve Integration (BUS)
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For reasons described in context, only the report for the REMAR

problem is reproduced in its entirety. The remainder are summaries

of reports at varying levels of sophistication. It is important

for the reader to recognize that these are the products of trainees --

manx of whom have had no previous research training or experience..

Inclusion in this section is not meant to imply unreserved support

for either the problem definition or the research strategy.

I. RFP001: PERCEPTUAL EDUCATION PROGRAM (PEP)

The information contained in this summary is based on a report

by FEHR trainees 12, 24, and 54. The general assignment was to ex-

perimentally evaluate the effectiveness, relative to present practice

(PP), of two programs for students in Fair City's elementary schools

who are not making satisfactory academic progress even though they

are of at least average intelligence and have no serious uncorrected

physical disabilities. One of the programs to be evaluated was

designated VPM because it featured visual perceptual motor training.

The second program was designated SLD to indicate its emphasis on

the diagnosis and treatment of specific learning disabilities.

The members of the evaluation team had all completed two se-

mesters of research design and data analysis prior to this project.

The material below is a shortened and simplified summary of their

final project report.

A. Illustrative Report

Problem. After an extensive review of the literature, the

target populationwas those students in grades 1-3 at Jack-

andjill school who were scoring in the bottom 15% of the

national norm group on the SAT tests for word meaning,

paragraph meaning, arithmetic computation, and arithmetic

concepts. The problIm was to determin: which of the three

programs -- present practice, VPM, and SLD -- produce the

most growth on the four SAT tests listed above.

tlypok_ieses. On the basis of a careful review of learning

theory it was hypothesized that the treatment means would

rank PP < VPM < SLD in ascending order of effectiveness at

all three grade levels.

69

81



Method. A stratified random sample of 120 subjects was

chosen from the target population, with 40 subjects in each

grade. Educational effectiveness was defined as the average

of the four SAT tests when each test score has been trans-

formed to a Z score in the appropriate normative populatior.

The design was a 3 x 3 analysis of variance (grades x treat-

ments), with the average Z score as the dependent variable.

Results. The overall analysis of variance yielded a sig=

nificant difference among treatments, but there was no

significan, main effect for grades, and no significant

grade by treatment interaction. In subsequent planned

comparisons, both VPM and SLD means were significantly

greater than PP. The SLD mean was larger than VPM, as

hypothesized, but the difference was not significant.

Conclusions. It was concluded that both VPM and SLD pro-

grams produced more learning as measured by the SAT tests

than did PP. Since the VPM treatment was more expensive

than SLD and the latter produced the higher mean score,

the researchers recommended that the SLD program be im-

plemented.

B. Summary of Evaluative Comments: REP001

1. Many users consider this problem to be the most absorbing

of the set. Virtually every trainee who has used it

mentioned that it strongly motivated outside reading

about the tests available (particularly with reference

to their reliability and validity), and the original

materials fro v. which the information bank entrees were

obtained. More than 75% of the trainees reported doing

a comprehensive search of the literature even when it

was not assigned.

2. The absorption mentioned above sometimes caused diffi-

culties. Several trainees reported annoyance because

their favorite tests and/or treatments were not in-

cluded.
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3. Problem definition was found to be particularly diffi-

cult in this problem, and disagreements over the

nature -- even the existence -- of "perceptual handi-

caps" were frequently quite vociferous. However,

this was considered to be an advantage by some content-

area insttuctors. There was much less contention

where the game manager and all teams met to obtain

a consensus definition prior to the preparation of

final-draft proposals.

4. More than 4n any other problem, trainees here tended

to critize "inadequate" treatments and "invalid"

tests. Game managers suggest it is necessary to

emphasize that the process is being studied rather

than the specific program elements.

5. Because of the effects of comments 3 and 4, above,

the Information Bank articles were generally con-

sidered an inadequate basis for a project. They

were considered a useful stimulus to further reading.

It is doubtful whether a meaningful PEP project can

be done without a complete library search.

6. The results summarized above are somewhat unusual

in that there were significant effects on the achieve-

ment variables. Althow.;) the model specifies mild

positive treatment eff,,cts on achievement, these do

not generally reach significance with small samples.

Larger differences are usually evident on the per-

ceptual variables.

U. RFP002: REMEDIAL ARITHMETIC (REMAR)

The information contained herein is the complete text of a

report by FEHR trainee 201. Since summaries are not necessarily

representative of the product, it seemed wise to present at least

one report in its ntirety. The REMAR problem was a natural choice,

since it is the standard problem.
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The author of this report was a student in C655, the beginning

course in research design and data analysis at the University of

Michigan. Each member of the class was assigned two,treatments to

evaluate and asked to choose a moderator variable which he (she)

believed might alter th L. effect of the treatment. The reports were

to be written in succinct outline form, and were due on the last

day of class. This partic-olar report was not chosen because of its

high quality (it ranked in the bottom quartile out of a set of 63)

but because it was succinct and brief. Many of the better project

reports ran from 35 to 50 typewritten pages in length. One of the

required appendices was the budget from the original project. This

has been included for irlstrative purposes. However, the second

required appendix, a log of activities, was omitted because of its

excessive length.

A. Illustrative Report

(Title)

REMEDIATION OF 7TH GRADE ARITHMETIC SKILLS

VIA AUTOMATH AND IRA

I. INTRODUCTION

Problem

1. This proposal is concerned with the general problem of

evaluating NO remedial arithmetic programs designed

to help grade seven students master the basic compu-

tation skills.

2. Large numbers of FEHR City mathematics teachers have

complained that a considerable number of seventh grade

students are unable to add, subtract, multiply and

divide well enough to succeed in the regular curric-

ulum.

3. The mathematics teachers, as a .group, have indicated

that they believe mastery of simple computational

skills is'a prerequisite to st:tccess in all occu-

pational realms,
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4. The societal expectation is that.boys will achieve

pt a higher level than girls on computational skills.

Perhaps society views computational skills more

crucial for boys for occupational success.

5. Seventh grade arithmetic students in need of reme-

diation will be identified by their scores on the

Criterion Referenced Mastery Tests.

6 Purpose of this proposal is to compare the achievement

scores of remedial seventh grade arithmetic students

who use AUTOMATH or IRA, to those who use the Present

Practice.

Definition of Terms

1. Present Practice - students remain in their regular

classes.

2. AUTOMATH - students will leave their regular mathe-

matics classes for four one-half hour sessions per

week to work with a computer program which automatic-

ally administers a series of drill and practice exer-

cises in the basic computational skills.

3. IRA - students will leave their regular mathematics

classes for four one-half hour sessions per week to

work with a programmed text that administers a series

of drills and practice exercises in the basic compu-

tational skills.

4. Criterion Referenced Masterl Tests - these tests allow

the tc;ing of specific arithmetic computational skills

and concepts in addition, subtraction, multipllcation

and division. Each concept tested presupposes a mas-

tery of the concepts preceding it. A student's sticcess

on these tests is equated with complete master' or 100%

correct.
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Review of the Research

1. Melson (1971) indicated non-graded instruction of mathe-

matics was an alternative to criterion based evaluations

of fifth grade students.

2. Ginsberg (1972) concluded that individualized prescribed

instruction may pose immense problems because of chil-

dren's varied and complex conceptions of mathematics.

3. VanDyke (1972) reported that short intervals of delay

in knowledge of results with computer assisted in-

struction had no significant effect on the learning or

test performance of subjects. However, delay of know-

ledge of results related to poorer attitudes toward

computer assisted instruction among women than in men.

4. Maertens (1969) analyzed-the effects of arithmetic

homework upon the arithmetic achievement of third grade

stulents.

(a) The results of this study.indicated no significant

differences in the achievement of groups receiving

homework over those not receiving homework.

(b) Sources of experimental invalidity included;

(1) Selection (internal) - entire classrooms of

students were captive.groups.

(2) Statistical analysis was not shown and chi

square was apparently not used. An Fmax

reading would have been helpful.

(3) Wiihin group statistical analysis might have

been valuable to develop trends.

5. Summant - The evidence in favor of computer assisted

instruction and individually prescribed instruction

is unclear. However, it is certain that careful con-

siderations must be given to the type of learning task
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am; individuals involved. In addition, delay in know-

ledge of results, occurring perhaps from a breakdown in

machinery may result in negative attitudes toward com-

puter assisted instruction.

Conceptual Framework rationale

1. Because of the sequencing of steps in learning mathe-

matics it is reasonable to believe that IRA and AUTOMATH

will be conducive to remedia' progress.

2. The design of AUTOMATH indicates student independence

from reading skills. This feature should be to the ad-

vantage of students with reading problems.

3. The novelty and mctvational aspects of working with a

computer sh(.11d be to the advantage of stud,nits who have

difficulty in attending to tasks.

4. It has been the author's experience, as a classroom

teacher, that males and females in the middle grades

achieve in arithmetic.at about the same level.

5. It has been the author's experience, as a classroom

teacher in the middle grades, that students showing

achievement in arithmetic computation also exhibit

mastery of arithmetic concepts and vice versa.

6. 0-erall, it appears AUTOMATH may have the effect of

boosting computational skills, personal confidence

from success, and attitudes towards mathematics.

Hypothesis

Given the achievement test scores (SATCOMP & ITBSCONC),

the computationally remedial students w!ll have been trained

in :r respective treatments will show the following

relationships:

1. AUTOMATH scores will be higher than IRA or Present

Practice scores.

2. T'ik scores will be higher than Present Practice scores.
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3. Male and female students across treatments will score

at about the same level.

II. METdOD

Subjects

The target population of this study will be 767 seventh

grade mathematics steents. The sample population will be

randomly drawn from th_ ir;?ntified computationally disad-

vantaged students wh k. less than 100% on the CRTDIV.

120 seventh (glade arithhcilc students from the John Watts

School will serve as the subjects. A random numbers table

will be used to select the remedial students. There is no

reason to expect that this particular sample will be biased

in any way. Thus, it is reasonable to assume that any de-

finitive results can be generalized to the total population.

Treatments

Tne treatments to be tested consist of three types:

AUTOMATH, IRA and Present Practice (control). These treat-

ments were described under the definition of terms section.

Instrumentation

The instruments for measuring achievement are stand-

ardized and highly regarded measures:

1. Stanford Achievement Test: Arithmetic Computation -

.87 reliability.

2,, Iowa Test of Basic Skills: Math Concepts-- .98 relia-

bility.

(a) Abbreviations - SATCOMP; ITBSCONC.

Dz,.sign

The subjects will be randomly assigned to three treat-

ment groups of size 40, and then the subjects will be sorted

by sex. Since the ratio of males te:) females is unequal, it

will not be possible to obtain a perfectly equal distri-

bution of subjects by sex wit!ln treatments.



A diagrammatical explanation of the design is given

below. The symbol 0 stands for a set of observations taken

at one time. X indicates the treatment. X
1
= AUTOMATH.

X
2
= IRA. X

3
= Present Practice (control). V represents

the moderator variable. Y1 = females. Y2 = males. R de-

notes random selection from the total population.

R X
1 1

0
1

(Females in AUTOMATH)

R Xi Y
2

0
2

(Males in AUTOMATH)

R X
2 1

0
3

(Females in IRA)

R X
2

Y
2

0
4

(Males in IRA)

R X
3 1

0
5

(Females in Present Practice)

R X
3

Y
2

0
6

(Males in Present Practice)

Procedure

At the beginning of the experiment, the first day of

school, the CRT's will be administered to seventh grade

arithmetic students. The computationally disadvantaged

students will be drawn from the CRTDIV scores which are

less than 100% correct. During the remainder of the se-

mester (15 weeks), the three groups of forty students will

receive one of the three treatments. Group 1 will receive

AUTOMPTH. Group 2 will receive,IRA. Group 3 will receive

Present Practice (control). At the end of fifteen weeks,

each group will be administered the SATCOMP and ITBSCONC

(post-tefts).

Exp!r;;ltal Rationale

The design outlined above met all the criteria for a

post test-only experiment, and the procedure outlined

assures equivalent experimental histories. We can gen-

eralize to future sevent:, grade arithmetic students in

FEHR City only if the results are unequivocal.

Analysis

For the purpose of analysis, an analysis of variance

of the six sub-groups followed by an Fmax check, F test
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and t test will be used.

Step 1. Compute an ANOVA of SATCOMP and ITBSCONC scores

to test for differences among means after treat-

ments.

Step 2. Test homogeneity of variance (also checks addi-

tivity) using Fmax. This is done by dividing the

largest sub-group variance by the smallcit sub-

group variance.

Step 3. If Fmax is larger than the tabled value for the

.05 significance level, check the .01 significance

level; otherwise use .05 level.

Step 4. If the F test for the overall ANOVA differences

among sub-group means for SATCOMP and ITBSCONC is

not significant at the leyel set up in step 3,

analysis is discontinued. If the F is significant,

continue to step 5.

Step 5. Find out whether the three hypothesis are supported

by the data by performing t tests of:

(1) The difference between the means for all sub-

jects using the AUTOMATH treatment, IRA

treatment, and Present Practice treatment.

(2) The difference in the mean for all subjects

using the AUTOMATH treatment and IRA treat-

ment.

(3) The difference in the mean for all female

subjects and the mean for all male subjects.

(4) If there is a difference between the means

of males and females, then examine within

treatments.

Data Matrix

The I. D. #, sex, SATCOMP sz;we and ITBSCONC score for

each subject will be entered on a Punch card, as illustratee

in the following diagram. The .7.exes are intermingled, but
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the three treatments are not. The first 40 cards will be

in the AUTOMATH group. The second 40 cards will be in the

IRA group. And the third group of 40 cards will be in the

Present Practice (control). The format to be used for

punching these cards is: (F8.0, F2.0, F3.0).

GROUP-
AUTOMATH

40

IRA

I.D. SEX SATCOMP ITBSCONC

- - -_ =lb

CO

41

80
8

Present
Practice 120

- -

ammo .

M. Mil =lb

=lb

em. GM, .
_

III. RESULTS

The results are presented in order of the steps out-

lined in the analysis-section. Within each step, infor-

mation is organized into four parts, the null hypothesis

being tested, the result of the statistical computation

involved, the statistical conclusion, and the educational

interpretation of that conclusion. The subscripts for the

null hypothesis identify the observation from which the

data comes.

Step 1 - NULL Ho: u1 = u2 r u3 = u4 = u5 = u
6

RESULT: Analysis of variance of SATCOMP.
Scores N = 120

SUM OF MEAN
SOURCE DF SQUARES SQUARE F-STAT. SIGNIF.

Between 5 1715.7 343.15 10.524 .000
Within 114 3717.2 32.607
Total 119 5433.0

GROUP N MEAN VARIANCE STD. DEV.

1 20 12.850 15.292 4.392
2 20 13.500 17.737 4.211
3 14 22.113 56.901 7.543
4 26 21.6: ' 41.662 6.454
5 21 14.905 31.790 5.03
6 19 14.579 -33.146 5.76/
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STAT.
CONCL:

ED.

IMPL:

There were significant differences among

the six stb-group means for SATCOMP

(reject null).

Either the treatments or sex or an inter-

action between the two produced a sig-

nificant effect on SATCOMP.

NULL Ho: ul = u2 = u3 = u4 = 116 = u6

RESULT: Analysis of variance of ITBSCONC.

Scores N = 120

SUM OF MEAN
SOURCE DF SQUARES SQUARE F-STAT. SIGNIF.

Between 5 174.54 34.908 .825 .534
Within 114 4821.4 42.293
Total 119 4996.0

GROUP N MEAN VARIANCE STD. DEV.

1 20 16.200 20.221 5.405
2 20 12.950 55.734 7.465
3 14 13.000 47.385 6.883
4 26 13.154 44.615 6.679
5 21 14.905 43.900 6.632
6 19 14.684 33.117 5.754

STAT.
CONCL: No significant differences among the six

sub-group means for ITBSCONC (accept null).

ED.

IMPL: Treatments had no anparent effect on

mathematical concepts.

Step 2 - NULL Ho: a1
2

a2
2

= a3
2

= (54
2

= a = ae SATCOMP

RESULT: F 56.901 1 ono
mu^

Critical value for df (6,20) . 3.76;

probability of Fmax by chance > .05.

STAT.
CONCL: A significant difference exiss among the

sub-group variances for SATCOMP scores.

C.
IMPL: The assumption Of homogeneity of lriance

(treatment additivity) was not violated.
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2 2 2 2 2 2NULL Ho: al = a2 - a3 = a4 = as = (15 ITBSCONC

RESULT: F
max 1.907

Critical value for df (6,20) = 3.76;

probability of F
ax

by chance > .05.
m

STAT.
CONCL: No significant differences among the

sub-group variances for ITBSCONC scores.

ED.

IMPL: The assumption of homogeneity of variance,

(treatment additiity) was not violated

'ack of statistical significance

among sub-group variances may not be

attributed to lack of homogeneity of

variance.

Stet3.- Fmax for both SATCOMP abd ITBSCONC within the > .05

level.

Step 4.- Because both initial differences and homogeneity

of variance were supported at the ,.05 level this

degree of significance will be used in all follow-

ing analysis.

Step 5,- Assessment of the three major hypothesis using t

tests on SATCOMP scores.

(1) NULL Ho: u(38,4)
u(18t2)

RESULT: See contrast 1 on collowing page.

STAT.
CONCL: There is a significant difference among

treatment means.

ED.

IMPL: AUTOMATH is superior to Present Practice

(control) in boosting computational skills.

(2) NULL Ho: u(38t4) = 11(umgror
)

RESULT: See contrast 2 on following page.

STAT.
CONCL: There is a significant difference among

treatment means.



MEAN
SATCOMP
nuRrs--

ED.

IMPL: AUTOMATH is superior to IRA in boosting

computational skills.

(3) NULL u
u -(1,386) 11(2,4816)

RESULT: See contrast 3 below.

STAT.
CONCL: No significant differences between sex

means.

25
24
23
22

21

20
19
18
17

16
15
14
13

12

11

10

9

8

7

6

5

4

3

2

1

0

ED.

IMPL: Overall, males and females achieved at

about the same level.

CONTRAST
OBSERVED T-STAT. SIGNIF.

17.485 6.683 .000

14.351 5.482 .000

-.126 -.039 .968

AUTOMATA IRA PRESENT
PRACTICE
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IV. DISCUSSION

1. Differences among the post-treatment SATCOMP means of

six sub-groups were significant. The differences among

the post-treatment ITBSCONC means of the six sub-groups

were rot significant, although homogeneity of variance

was indicated.

2. The subjects represented a random sample of the total

computationally disadvantaged 7th grade pu:.11ation.

This sample is applicable to future 7th grade compu-

tationally oisadvantaged students.

3. The results of this investigation can be generalized

to the :otal population of presen,. 7th grade compu-

tationally disadvantaged students, as well as future

7th grade computationally disadvantaged students.

4. The ITBSCONC scores were not significant indicating a

need for future study as to how to boost mathematical

concepts along with computational skills.

V. CONCLUSIONS AND RECOMMENDATIONS

1. Among the sample population, the AUTOMATH tm:atment was

more successful than IRA in boosting computational

skills.

2. The Present Practice is not a viable method for reme-

diation of computational skills.

3. Males and females performed at about the same level,

regardless of treatment.

4. The success of AUTOMATH justifies future cost in adapting

it as a course of action to remediate computationally

disadvantaged 7th grade students.
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B. Summary of Evaluative Comments: RFP002

1. Virtually all users commented on the degree to which

REMAR stimulated outside readings of test manuals and

critiques, test theory (especially regarding criterioH

referenced tests), and research methods. Although it

did stimulate outside reading of evaluation sttdies

in mathematics education, the trainee enthusiasm was

observably less than for thc PEP problem.

2. Problem definition for REMAR was within the capacity

of most trainees. There was 'ittle contention generated;

most users seemed to feel the treatments aild the treat-

ment effects were sensible and realistic.

3. Game managers and instructors considered the problem

especially well suited to training students in rational,

objective, and scientifically detached assessment

methods. In this respect, there was a sharp distinction

between REMAR and such emotionally laden problems as

PEP, HEADSTART, and BUSING.

4. The availability of both normative and criterion-

referenced tests was considered one of the problem's

strengths.

III. RFP003: EXTENDED SCHOOLYEALLESa

The information in this summary is basEd on a report by FEHR

trainees 1,7 , and 62. Since the members of this team had com-

pleted two semesters of research design and statistics and had been
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involved in two previous FEHR projects, their assignment was to

assess the overall effectiveness of two experimental approaches to

an extended school year relative to the costs of the current program.

Although tne original report devoted a considerable amount of space

to theory development and hypothesis testing, that section of the

study which deals with arriving at an objective decision among pro-

grams is reproduced in some detail.

A. Illustrative Report

Problem. The aim of this project was to determine the

comparative effectiveness and efficiency of three programs:

Present Practice, 45-15, and Continuous Progress. The

project sought to determine which program increased achieve-

ment in language, reading, and mathematical concepts; im-

proved parental attitude toward school program; and did so

at the most reasonable cost.

Proposed Remedies. Two extended school year programs were

proposed. The 45-15 Cycling Plan retains the regular number

of school days (180) but distributes them differently: a

repeated cycle of 45 days of school followed by 15 days of

vacation. The school is divided into four groups, only

three of which are attending school at any one time. The

division is on geographical lines so that neighborhoods

and families are not disrupted. While the yearly per pupil

costs are expected to rise by 8% (9.5% the first year),

the net saving over five years should be some 6.5 million,

because of the reduction in need for new buildings. In

addition, the shorter vacation periods should improve

learning by reducing the demands on information retention.

The Continuous Progress Plan increases the school days

to approximately 200, with students attending school in 5

to 9 week cycles with two-week vacations between cycles.

The school is divided into five geographical groups with

four groups in school at any one period. This plan adds

an extra 4.5% to the pupil per year cost (6.5% the first

year), but saves 7.4 million over the first five years by
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obviating the need for new buildings. This plan is par-

ticularly interesting in core city areas because it affords

the disadvantaged child added time and attention. Both

extended school year programs may create some resistance

because of their effect on family vacation plans.

Sample. The target population of this study was the entire

set of elementary schools in Fair City. Because SES appears

to affect achievement of students, attitude of parents, and

the degree of overcrowding, the population of schools was

stratified into three levels. This stratification was per-

formed on the basis of residence descriptions indicated in

the Fair City files on the schools. Three schools were

randomly selected from each strata, and each school in a

residential strata was randomly assigned to one of the

three programs. The stratification and randomization pro-

cedures were conducted to increase the-generalizability of

the results since it considered all strata in the community

and allowed their investigation.

For analysis and comparison of the effect of the pro-

grams on achievement, attendance, and attitude of parents,

thirty students were randomly selected from grades one

through five in each school. The sample was limited to

these grades to enable comparisons.over a two year period

on all specified variables. Kindergarten children were

excluded because the achievement tests do not apply to this

grade; grade six students were excluded because they would

leave the school before the two year period was completed.

Therefore the total sample consisted of nine schools and

two hundred seventy pupils. The mean score of the sample

of pupils in each school represents the score for each of

the nine schools.

Variables and Instrumentation. Tests were selected to pro-

vide valid indices of school achievement in the most basic

skills required of elementary school children. An exami-

nation of content, reliability measures and relative expense
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resulted in the choice of the Stanford Achievement Test.

One set of dependent variables consisted of achievement

as measured by three Stanford Achievement Test subtests

on word meaning, paragraph meaning and arithmetic concepts.

Other dependent variables included: parental attitude

toward program, per pupil cost and attendance. The inde-

pendent variables were programs (PP, 45-15, CP), and resi-

dential strata or school composition (predominantly lower

class, predominantly blue collar, predominantly middle

class). In addition, fami;y SES was used as a covariate

to test its effects on achievement variables and remove

its effects from the school and residential composition

strata factors.

Design,. A 3 x 3 x 3 factorial design with repeated measures

on the third factor was the data collection guide. Factor 1

was program. It had three levels. Level A was the tra-

ditional or Present Practice (PP). Levels B and C were

experimental treatments with B the 45-15 plan and C the

Continuous Progress (CP) plan. Factor 2 was residential

strata or school factor. Three schools were selected for

each program and each represented one of three residential

levels. The three schools constituting level A were of

predominantly lower class black residential composition;

students attending level B schools were from predominantly

blue collar residential white, black, or racially mixed

areas; students in level C schools were predominantly

children of middfi class home owners and upper class apart-

ment residents.- Factor 3 was time at which variables were

measured. There were three levels. Level A was the initial

start of the school year (time 00), level B was the spring

of the first year (time 01), and level C was the spring of

the second year (time 02).

At each time interval, the Stanford Achievement Tests

on paragraph meaning, word meaning and mathematical concepts

were administered to pupils. Also, at each time interval,

parental attitude to the program their child participated in
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was surveyed and cost per pupil ascertained. At times 01

and 02 pupil attendance was determined. During the initial

test administration at time 00, information regarding stu-

dent's race and socioeconomic status (SES) was sought.

Decision Rule. Prior to the commencement of the project,

the team arbitrarily assigned relative importance weights

to each of the dependent variables. The major emphasis was

put on achievement with a total weight of eight. This was

evenly distributed to reading (two tests at 2 each) and

mathematics (one test at 4). Per pupil cost, which was

considered about half as important as achievement, was given

an important weight of 4. Parental attitude and pupil

attendance were each given a unit importance weight.

Method. A series of specific hypotheses related to the

theoretical advantages of each treatment were developed and

tested via analysis of covariance. These are omitted from

this summary. The procedure for arriving at a decision is

described in the results section.

Results. Mean gain scores for each of the treatments were

computed for each achievement score. For the other variables,

time two means were used directly. The following table

represents the results of that procedure.

TABLE 3.1. MEAN SCORES FOR USE IN WEIGHTING PROCEDURE

Program

Achievement Gain Scores Other Variable Averages

Word
Meaning

Paragraph
Meaning

Math
Concepts

Parent
Attitude

Pupil

Attendance
Per Pupil
Cost

PP

45-15

CP

5.9

8.0

4.9

10.6

15.5

9.0

1.8

5.8

-.3

2

4.4.

3.8

3.4

4.7

3.6

2.7

2.7

2.0

The above raw means were reduced proportionally to a

score ranging from 0 to 1 by dividing by the largest number

in the column. These transformed means were then multiplied

by their assigned weights and a ranking determined by finding
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the total score for each program. The results are shown in

the following table.

TABLE 3.2 T II 1: I L : 1_1 :41.

rogram
Achievement Gain Scores Other Variable Averages Total

Program Word Paragraph Math Parent Pupil Per Pupil
Meaning Meaning Concepts Attitude Attendance Cost

(2) (2) (4) (1) (1) (4)

PP 1.48 1.36 1.38 .45 .72 1.20 7.59

45-15 2.00 2.00 4.00 1.00 1.00 1.20 11.20

CP 1.22 1.16 0 .86 .77 4.00 8.01

Conclusions and Recommendation. On the basis of this approxi-

mated tranformation, the project team recommends the imple-

mentation of the 45-15 cycling plan which has a composite

effectiveness score greater than either Present Practice or

the Continuous Progress Program. This recommendation was

further supported by the fact that on all dependent variables

except cost per pupil, the 45-15 cycling plan was superior

to the Continuous Progress Experimental Plan as well as the

Present Practice plan.

B. Summary of Evaluative Comments: RFP003

1. The Extended School Year (ESY) problem shared most of

the strengths listed for REMAR. It stimulated trainees

to individual study of test manuals and critiques,

general research methodology, and the literature in

general. It did not offer the experience with both

normative and criterion-referenced tests.

2. Although the definiiion of a success criterion was as

difficult for ESY as for PEP, it seemed much easier for

trainees to make rational and detached judgments here.

3. The problem was especially popular among school ad-

ministrators who saw it as directly related to the type

of decisions they made in their jobs.
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4. Both instructors and trainees found the per pupil cost

factor both interesting and valuable. However, there

was some criticism of its representation as a test

"score" for each research subject in a study rather

than a school or classroom score.

[Note: All individuals within a unit receive identical

"per pupil cost" scores -- there is no other way to

generate unit or subunit scores in our model.]

5. Some administrators who used ESY felt that the clear

advantage to the 45-15 plan yielded by our model was

contrary to some research evidence. [The FEHR staff

discounted this comment, however, since it is possible

to define success so that the CP plan comes out superior.]_

IV. RFP004: HEADSTART (HST)

The information contained in this summary is based on a report

by FEHR trainees 1, 13, and 65. Their general assignment was to

evaluate the effectiveness of Fair City Headstart project in over-

coming deficits in school performance common to culturally deprived

children. The three members of this team had completed a first

course in research design and statistics prior to beginning the

project, and were concurrently enrolled in the second course.

Because the original project was concerned with the relative effec-

tiveness of seven different treatment-teacher combinations as mea-

sured by thirteen different dependent variables, the following

summary deals with only the broad pattern of findings with respect

to the three main compensatory programs.

A. Illustrative Report

Problem. The purpose of this study was to determine the

immediate effects of the various local Headstart programs

(funded under the aegis of the national project of the

same name) on measured intelligence, reading readiness

and personality, and to assess the effects of these ex-

periences on reading and mathematics achievement in grade

one. The effects of the three compensatory curriculums --

Piagetian, language based, and unit based -- were to be

90

102



evaluated relative to the effects of the present practice

(i.e., staying home). Since the national project was es-

pecially targeted on minority groups, the differential

effectiveness of the programs (if any) by race and sex

was of interest.

Hypotheses. In lieu of a dearth of evidence regarding the

relative efficacy of the methods, this was viewed as an

exploratory study. Comparisons among treatments were

planned a priori, but all other contrasts were considered

post hoc.

Method. The target population consisted of all Fair City

children who were three years old at the initiation of the

study, and who fit the following definition of cultural

deprivation (CD): (1) Stanford Binet IQ < 90 (first quartile);

(2) Deutch SES < 2 (low SES); and with no physical or per-

ceptual disabilities (i.e., scores greater than 1 on the

health, vision and hearing variables). Eight of Fair City's

elementary schools were selected randomly, and their entire

populations were surveyed on SB IQ, SES, race, sex, health,

vision, and hearing variables. All students who fit the

CD definition above were identified.. These students were

then partitioned by race and sex. From each race-sex coin-

bination twenty-eight subjects were randomly selected and

assigned to cells in the design matrix. All subjects were

followed to the end of grade one (that is over three yeari).

The California Test of Mental Maturity (CTMM) and

Deutch index of socio-economic status were used for the

initial survey to determine school composition. The

Stanford-Binet Intelligence Test (SB), Deutch, and locally

administered health, vision, and hearing tests were used

to determine CD. The Stanford-Binet (SB), six subtests of

the California Test of Personality (CTP), six subtests of

the Metropolitan Readiness Test (MRT), and four subtests

of the Metropolitan Achievement Test (MAT) were used as

dependent variable measures on IQ, personality, readiness,

and achievement respectively. The IQ was measured at the
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end of each year, personality at the end of years two and

three, readiness at the end of year two, and achievement

at the end of year three.

A four-way factorial design with repeated measures

and subjects nested in the factors was used. Factor I was

program (G) with levels as follows (each group consists of

two teachers):

Gl = Piagetian curriculum (4 teachers)

G2 = Language curriculum (4 teachers)

G3 = Unit-Based curriculum (4 teachers)

G4 = Present Practices (remained at home)

Factor 2 is race with two levels, and factor 3 is sex with

two levels. The fourth factor was time. For purposes of

analysis, three times were.used: Tl = initiation of Head-

start treatments, T2 = end of Headstart/beginning of first

grade, and T3 the end of the first grade.

Results. There was an initial disparity in IQ with whites

scoring significantly higher than blacks in all groups at

time one. At time two and time three there was no signif-

icant difference between races within any of the treatments.

At times two and three females scored significantly higher

than males. At time two group one (Piagetian) scored

higher than present practice; however, there was no signif-

icant difference at time three.

CTP: No significant differences were observed on

treatment-related factors.

MRT: At time two, females scored significantly higher

than males on number readiness. On sentence readiness,

whites scored significantly higher than blacks. For

males, all three experimental programs produced higher

scores than present practice, but only the Piagetian

and unit-based scores were significantly higher. This

trend was more marked for black males than for white

males, but the racial difference was not significant.
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There was no significant ,k4,ra11 difference by race,

but whites were significant.5y higher than blacks in

present practice.

MAT: The MAT was given at tint. -17ilree only. Females

scored significantly higher than males on word knowl-

edge, word discrimination, and math. Whites scored

significantly higher than blacks on reading and math.

For math, there was a treatment by sex interaction.

The present practice and Piagetian groups were equally

effective for girls, both being significantly better

than the other two. For boys, the Piagetian and unit-

based groups were both significantly better than the

language and present practice groups.

Conclusions. The initial disparity in IQ by race appears

eliminated by time two. However, since the racial differ-

ences in IQ were reduced even in present practice, there

was no reason to attribute this elimination to Headstart

intervention.

The significance of the IQ differences between males

and females at the end of two and three years was probably

attributable to the recognized earlier maturation of females,

and not to any intervention.

There was no support for the notion that these inter-

vention programs were especially beneficial for black mi-

norities. In fact, the racial differences appear to have

been washed out by SES and sex. The findings for the

readiness tests appeared to favor the use of Piagetian and

unit-based males, but not for females. However, any ad-

vantage that may accrue here did not carry over, to achieve-

ment in grade one.

Although the findings do Aot establish the cost ef-

fectiveness of these intervention programs, the evaluation

team recommended that the Fair City Board continue the

Piagetian and unit-based programs again next year, but

that the language program be dropped.
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B. Summary of Evaluative Comments: RFP004

1. Like PEP, the HST program generated a great deal of

emotional commitment. Similar criticisms of the

limited nature of the treatments and the inability of

trainees to define their own tests were received.

Again, a consensus definition of the problem and a

clear focus on the process was used to alleviate the

contention where it was undesirable -- however, many

early childhood instructors believed that the trainee's

disagreements about the meanings of various variable

scores and methods of combining them were the HST

problems most valuable characteristic.

2. There were some comments about the "built-in" racism

of the problem -- particularly from black students --

but these objections disappeared when it was discovered

that racial differences in the FEHR data tended to

disappear when the effects of sex and socio-economic

status were held constant. (See the results of the

illustrative study, above.)

3. Many of the trainee projects in HST yield no signif-

icant differences. Some game managers/instructors

felt this was discouraging. (Note: Instructors who

desire to produce large and significant treatment

differences may do so with the new multiplier option

described in the last chapter.)
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V RFP005: READING ASSESSMENT PROBLEM (READ)

As mentioned previously, the initial problem package for READ

turned out to have a serious bug in the criterion referenced variables.

Consequently, the entire package was reprogrammed. The information con-

tained in this summary is based on a report from a group of senior stu-

dents in the research training program who were asked to complete a pro-

ject on the READ problem in order to validate the revised version.

Since one of the three team members had a considerable amout of experi-

ence in reading assessment, this team was specifically chosen to evalu-

ate the "believeability" of the data.

The summary below is an abridged version of the actual study report.

A. Illustrative Report.

Problem

The specific problem to be attacked by this project was

to determine whether the differences among the three treat-

ments available in the READ problem -- (1) present practice

(pp ), (2) linguistic reading method (LRM), and (3) total

language arts approach (TLA) ---were consistent with the rela-

tionships built into the problem package. These are outlined

under the conceptual framework heading.

Review of the Literature

No reviE-.4 of the literature was assigned for this study.

Conce tual Framework Rationale

The basic assumptions underlying the theoretical struc-

ture of the READ problem is based on the assumption that some

students have learning styles best suited to specific phonomic

practice (the LSM program), and others have styles best suited

to an integrated holistic approach (ILA). Since the present

practice (pp ) is eclectic it contains elements of both ap-

proaches. Thus one would expect pp to produce greater overall

learning than either of the other programs. Overall learning

in this context is defined as the percentage of students at cri-

terion averaged over all competencies. Assuming that the stu-
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dents are approximately equally distributed between learning

styles, one would expect no differences between the ISM and

TLA treatments in overall effect. However, one would expect

differences in the patterns of competencies, with each program

producing-best results in the competency items most directly

related to the training technique concerned. Thus, LSM would

be expected to produce a larger proportion of students at cri-

terion on competencies concerned with phonemic skills, and the

meanings of individual words. TLA should produce more students

at criterion on competencies concerned with comprehension of

sentences and paragraphs.

Subjects

The sample to be used in this study consists of three in-

tact classrooms drawn from different schools systematically so

as to represent the entire range of socio-economic status in

Fair City.

Instruments

Twenty eight variables were selected from the 172 vari-

ables available in this problem. These consist of seven stan-

dardized tests and twenty one criterion referenced tests which

are representative of the total set of competencies to be de-

veloped by the reading program. The standardized tests con-

sist of both the grade 1 and 3 forms of the SAT study,-SAT word,

and SAT paragraph, plus the Gates Advanced Primary Test of para-

graph meaning, which has only a grade 3 form. The study and

paragraph tests ought to favor TLA.

Six of the criterion tests are concerned with phonemics

and other linguistic skills: which should favor LSM tests 79,

81, 82, 94, 101, and 105. Seven of the tests are concerned with

intergration and inference skills which.should favor TLA: tests

120, 122, 129, 130, 131, 134, and 135. the remaining eight cri-

terion tests (60, 61, 63, 92, 110, 116, 127, and 128) are con-

cerned with general skills which should not favor either LSM or

TLA. The specific competencies assessed by each of these tests

are identified in the RFP package,
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Design

Because of the problem validation purpose of this project,

the research team took advantage of the FEHR data tenerators

capacity to use the same ninety subjects in each of the three

treatments, setting them "back to zero" at the beginning of

each new treatment. This was done to ensure that the true

treatment differences could be isolated. However, the analytic

procedures will hot take statistical advantage of the high cor-

relation between subjects.

Analysis

Each of the standardized tests will be subjected to a one-

way ANOVA with two subsequent planned comparisons: PP vs

(LSM & TLA), and LSM vs TLA. Follwoing these ANOVAS, a single

test of the probability of obtaining the observed pattern of

t-test results for each comparison will be computed.

The criterion-referenced scores will be combined into

three composite variables: (1) linguistic skills, and (3)

overall skills. The observational unit in this case is the

proportion of skills mastered: these will be analyzed in the

same way as the standardized scores, above.

Results

It is important to note that the significance tests re-

ported in this section were computed from an analysis-of vari-

ance for random independent groups rather than using a repeated

measures error. This was _done to keep the statistical power

comparable to that available in a conventional experiment.

The results of the planned orthogonal comparisons for the

standardized tests appear in tabel 1. It was observed that the

direction of the differences favored PP over LSM & TLA for all

variables. The probability of obtaining this particular pattern

of t-tests by chance was less than .001. Although four of the

LSM vs TLA comparisons yielded differences favoring TLA and only

one favored L5M, none of the t-tests for individual comparisons

was significant, and the cwerall pattern was not significant.

The mean percentages at criterion on the linguistic skill
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composite variable for treatments PP, LSM and TLA were 79, 71,

and 72 respectively. The corresponding percentages at the end

of grade three were 98, 97, and 98. A conservative estimate of

the standard error of the difference in percentages for these

data can be computed from the variance of class means within

treatmerfe Thir yields values ranging from 3.5 to 4.6 for

the r of the difference. Thus differences less

th b, ,sidered NOT significant, thc -qual_to_or

great,, Limn 9 definately significant and thobe between 7 and

9 as marginally significant.

Using these criteria PP was marginally better than LSM

and TLA at the grade one level, with no significant difference

between LSM and TLA. But by the end of grade three all differ-

ences had disappeared: the three treatments all had produced

97 - 98% criterion attainment.

The percentage at criterion for the integration skill com-

posite variable for PP, LSM, and TLA respectively were 47, 39,

and 37 at the end of grade one and 94, 85, and 87 at the end of

grade three. The advantage of PP over the experimental combina-

tion (LSM & TLA) was significant at the end.of grade one and

still marginally significant at the end of grade three. Again

there was no significant difference between LSM and TLA in

either grade.

A similar pattern of results emerged for the composite

overall skills. In order of treatments PP, LSM and'TLA the re-

sulting percentages were 61, 58, and 52 at the end of grade one

and 94, 89 and 88 at the end of grade three. This was inter-

preted as a marginally significant difference favoring PP over

LSM and TLA at grade one and no significant differences at the

grade three level. These results are summarized in figure 1.

Conclusions

The pattern of results support the hypothesized superiority

of the PP treatment overall. However, the differential patterns'

of effectiveness for LSM and TLA failed to materialize.
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B. Summary Of Evaluative Comments: RFP005

1. This is the second version of READ to be tested. The

first version was considered unacceptable because the

pattern of scores it yielded were unbelievable. This

completely reprogrammed version has only been used by one

team.

2. The recent rational emphasis on the "right to read" pro-

grams and ,de. rent movement to state assessment of

reading ha,- ,reated a strong interest in the READ problem.

3. Students like the problem's emphasis on criterion-refer-

enced scores.

4. As with PEP and HST, there was some frustration expressed

with their (trainees) inability to administer tests other

than those made available -- many wished to administer

tests of their own. However, this did not occur in the

second session, where the process orientation was empha-

sized.

5. Trainees experienced great difficulty in establishing cri-

teria of success which permitted them to compare treat-

ments.

6. The hierarchical structure (i.e.) the order in which vari-

ous skills were learned) was not criticised. This was con-
.

sidered very encouraging, since it was lack of this hier-

archy which had caused the first version of the problem to

be unacceptable.

*7. The overall success ratio appears to be too high to be

*8

realistic. It was suggested that these be revised down-

wards.

There ought to be a clear and unambiguous shift in the pat-

tern of success on criterion-referenced variables between

the LSM and TLA programs. The program needs revision to

accomplish this.

* The problem package is currently being revised to implement these sug-
gestions.
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TABLE 1. MEANS AND ORTHOGONAL CONTRASTS

TEST: S.A.T. STUDY S.A.T. WORD S.A.T. PARA GATES
GRADE: ONE THREE ONE -1THREE ONE THREE THREE

PP Means 36.47 55.50 19.93 30.80 18.60 52.80 25.57
LSM Means 34.50 49.13 19.03 28.20 16.63 47.47 23.37
TLA Means 34.50 50.00 18.70 28.20 17.27 47.80 23.97

ANOVA SUMMARY

MS between groups 116.43 1073.76 36.48 202.80 90.89 655.32 116.40
MS within growl" 82.93 158.93 44.65 41.65 40.23 102.07 17.84
F(2,270) 1.40 6.76 0.82 4.87 2.26 6.42 6.52

CONTRAST RA,

PP vs. (LSh 1.70 3.71 1.26 3.17 2.05 3.64 3.54
TLA vs. LSM 0.00 .47 -0.34 0.00 0.60 0.22 0.97

100
95

0 90
1: 85

80
75

70
65
60
55
5017

45
Q)

4- 35CD

.46' _30'

4-'
20@
15

. u
10
5

100% Achievement of All Competencies

-6-trapo1ated Growth Rate From
An Assumed Zero At The Begin-
ning of Kindergarten.

Number of Months Since BeOnning Grade 1

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Begin Begin End Of Eld.Of
Kindergarten Gr. 1 Gr. 1 Gr. '3

Figure 1. Percentage Of Students At Criterion
Averaged Over All Competencies.
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VI. C=LACLQl_g1-1ERUESTIONNAIRETUESRFPOOd:'-VMDATIONOFANEV

The information contained in this summary is based on a report

completed by FEHR trainees 212, 241, and 246. The problem with

which they were concerned was set in the School of Education of

Utopia University in Fair City, U. S. A. The school has for many

:years routinely administered a questionnaire entitled "Student

Course Evaluation" at the conclusion of each semester. However,

a number of faculty have complained, over the years, that the

instrument provided little information to help them plan needed

changes in their course. Recently, a student-faculty committee

ieveloped a new questionmiire which they claimed would provide

me.Aures of the dimensions of classroom performance over which an

instructor has control. This evaluation team consisted of three

students.in a second semester research course. They were assigned

the task of validating one of the dimensions defined in the'RFP

document. The final report for their project is summarized below.

A. Illustrative Report

Problem. The researchers wished to determine whether the

feedback of summarized scores on the personal factor of

the new questionnaire ,1vided instructors with infor-

mation which was not oa) .ined in the summarized scores

from the old questionne- E. The personal factor, ai-

fiiied by the RFP, consts-ed of students' ratings oft: -the.

adequacy of the individu, help provtded by the insuccuctort,

the degree of instructor concern for the progress off4-in-

dividual students, the amount of effort he or she ( tme

student) had put forth in the course, and the work Toad

of the course relative to other courses.

Hypotheses. The researchers hypothesized that feedback

should have a generally/positive effect on ratings cf the

"inodividual help" and 'concern for student" items. How-

ever, this effect should be much greater when there was

a high need for help and a low availability than when

there was a low need and a high availability.
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Method. The subjects for the evaluation were eight intact

classes (189 subjects). Four of the classes were rela-

tively small laboratory-type classes, and four were large

lecture-type classes. It was assumed that the instructors

for laboratory classes were more available for individual

help than were instructors for the.lecture classes. Two

classes of each type were assigned to an experimental con-

dition in which instructors at the beginning of the current

_semester were given feedback on the personal factors items

of the new questionnaire as well as the usual information

from the old questionnaire. The remaining classes (two

uf each type) were assigned to a control condition which

received only old questionnaire information.

All eight groups were administered both questionnaires

at the end of the semester. Subsequently, all students

were classified as "low need" or "high need" depending on

their average score on the effort and difficulty items on

the new questionnaire: Anyone with an average of 3.5 or

higher was considered high need, those with averages below

3.5 were low need.

Results. The dependent variable of interest was lhe aver-

age of the "individual help" and "concern for studeme

items. These average scores were analyzed in a threeway

factorial analysis of variance (treatment x availability

x need). The results of this analysis were:

1. Ratings in the experimental groups were signif-

icantly higher than those of the controls_

2. The high availability group had significantly

lower ratins than those in the low availability

group.

3. There was a significant treatment by availability

interaction. The experimental vs. control gain

was larger far the high availability subjects

(labs) than for the low availability classes

(lectures).
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4. There was a significant treatment by need inter-

action. The experimental vs. control gain was

greater for low need than for high need classes.

5. There was a significant three-way interaction.

In the control condition, the low need groups

gave lower ratings in both high and low avail-

ability settings. In the experimental condition,

low need groups gave somewhat lower ratings than

high need in the low availability settings, but

gave considerably higher ratings in the high

availability setting.

Conlusions. It was concluded that since feedback of the

petonal factors information from the new questionnaire

did produce a difference in perceived behavior, the new

questionnaire items must yield information not contained

in the old questionnaire. However, the failure to dis-

cmmer a need x availability interaction raised the question

of whether the lecture/laboratory distinction was actually

an availability variable. Further research to clarify this

point was suggested.

B. Summary of Evaluative Comments: RFP006

1. The TQUES problem was considerably more didactic than

the first four in that a criterion of success was

spelled out by the theory supplied in the problem.

Consequently, there was very little outside reading

stimulated by this problem.

2. Many trainees felt that the theory upon behind the

questionnaire to be evaluated was somewhat weak.

3. Most trainees felt that the absence of the capacity

to question respondents about their interpretation of

(questionnaire) items was a real weakness.

4. Nevertheless, virtually all trainees reported that

TQUES gave them valuable insights into the diffi-

culties of questionnaire validation.
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VII. RFP007: REMEDIAL MATH FOR ADULTS (RMA)

The information in this suntnary is based on a report by FEHR

trainees 40 and 68. Their assignment was to make an assessment of

the effectiveness of the free "remedial math for adults" program

offered by the Fair City Community College. The course consists of

a series of programmed lessons which each student works at his own
rate. There are no formal classes, but each student is assigned

to an instructor who provides immediate feedback on,the adequacy

of each lesson and one-to-one tutorial help during interviews sched-

uled at the student's request. Only the one treatment (RMA) Ic
available in the problem -- no control group Ccift OL 4pecified.

This evaluation team consisted of two members of a beginning re-

search class. At the time of the study, they had covered no sta-

tistics beyond t tests and a simple one-way analysis of variance.

Their report i-s summarized below.

A . I 1 1 ustrati ve Report

Problem. The researchers were interested in whether the

RMA program produced significant growth in mathematics

achienement as measured by the computation and concepts

subtests of the Stanford Achievement Tests for mathematics

(grades 7-9), and whether there was a concurrent reduction

in the perceived difficulty of mathematics problems.

Hypothesis. It was hypothesized that all the dependent

variables should be positively affected by the treatments,

but that concepts -- whicfn were directly targeted by the

program -- ought to be more affected than computation,

which was only incidentally taught: Attitude was expected

to improve significantly.

Method. A sample of 120 subjects were randomly drawn from

the 216 who qualified for the course.. Each of these sub-

jects was pretested on the SAT computation and SAT math

concepts tests for grades 7 to 9, and asked to indicate

the difficulty of mathematics problems for.them on a one

to five scale. When they had completed all the lessons,
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each subject was post-tested on the same three measures.

T tests for matched samples were run on each variable to

assess the significance of the obtained difference in

means. Subsequently the mean gain scores for the two SAT

tests were converted to normal deviates by dividing the

obtained difference by the published standard deviation

for the norm group on that test. The difference between

the two normal deviate gains was then entered into P t

test for independent sampl'''

Results. The obtained results appear in the table below.

It was observed that there was a significant gain in con-

zepts and in attitude, but not in computation. Also, the

gain in concepts was found to be significantly greater

=tan the gain in computation.

Means
Paired Norm Dev. Iadep.

Test Pre hst Gain, t-test Gain t-test

Computation 13.80 14.4. .59 1.51 .0667 8.69**

:Incepts 16.92
.-2se8 9.76 13.11** 1.1888

Attitude 2.08 2.64 .56 6.43

** p < .01 * p < .05

Contlusion. While it was recognized that the fact that the

same group was used to obtain the computation and concept

scores, it was argued that the use of an independent t test

was actually a conservative test. Since concepts gained

significantly more than computation -- which should'have

been subject to identical history effects -- it was con-

cluded that the RMA program produced significant growth

in mathematical concepts. Although no control comparison

was possible, it was concluded that there was probably

some significant reduction in the perceived difficulty of

mathematics. (Note. The attitude scale ran from 1 =

difficult to 4 = fairly easy.)
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B. Summary of Evaluative Comments: RFP007

1. The RMA (remedial mathematics for adults) problem is

perhaps the most.restrictive of the eight problems.

Since there is only one treatment, no control'group is

possible. Nevertheless, mit users felt the. 'is was

valuah,_i because of the p:,walence sit-

uatiois of a similar nature. Experience with this

problem, many felt, emphasized the inadequacies of

one-shot single=lroup studies.

2. Several trainees-expressed "amazement" that variables

which theorettaSIly ought nought to be affected by

the treatment.really remained constant -7 they had

not believed the simulation to be that thorough.

(Note. In some cases, as our illustratton Shows,

such variables as these were used as "controls".)

3. Several students in higher education programs felt

that this problem was the closest approximation to

their real life.situations.

VIII. RFP008: BUSING TO ACHIEVE INTEGRATION (BUS)

The information contained in this summary is based on a report

completed by FEHR trainees 22, 50, and 57. Their general assign-

ment was to evaluate the effects of the busing program which the

Fair City School Board has recently voluntarily implemented in an

attempt to overcome de facto school segregation attributable to

the existing housing pattern. Since the researchers were not called

in until just after school opened wtth the new busing system, there

was no opportunity to obtain pre-measures or to organize a controlled

experiment. With the exception of the meagre information available

from the files, the researchers must rely on measures taken after

the project was begun. Funds were available for a three year lon-

gitudinal study of two grade levels: the present grades one and

four.

The research team consists of three members of a special class

in program evaIgation. All class members have had at least two
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courses in research design and data analysis prior to completing

this project. The illustrat ve summary which follows is a simpli-

'act from their con tlensive f (Tort.

,Istrative ReporL

Problem. After an extensive review of the findings of the

Coleman report supplemented by a variety of additional re-

search, the team decided to focus on the effect of the

busing program on the relative performance of black and

white students on academic performance in reading and

mathematics and on their attitude towards school.

Hypotheses. On the basis of the Coleman findings, the

researchers hypotheslzed that:

1. When academic performance was measured in standard

scores based on the appropriate national norms

for the Gates reading comprehension and SAT arith-

metic concepts tests, black students would improve

their relative position over the three year eval-

uation term but white students would maintain

about the same relative position.

2. Attitude towards school, expressed as ascending

scores on a dislike to like continuum would in-

crease significantly for black students and ex-

hibit no change for white students.

3. The above relations would hold at both the grade 1

and grade 4 levels.

Method. A stratified random sample of 800 subjects was

selected with approximately equal representation of each

at both grade levels. To maximize the poisible effect

pf busing, students were chosen only from attendance zones

A and C which were maximally affected by the busing decision.

The SAT and Gates tests, and aft attitude questionnaire

were administered at the beginning of the project and again

at the end of the three year evalualSon period. Scores on

the two standardized tests were in each case transformed
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to Z scores using the national norms appropriate for their

grade. T tests for correlated samples were then conducted

to test the null form of the above hypotheses. [Note. The

research team had been informed by the game manager that

there would be no attrition during their experiment as this

part of the FEHR program had been switched off for this

session.]

Results.

1. At the grade one level, the mean Z scores for black

subjects were significantly higher at the end of the

evaluation on both the Gates and SAT tests.

2. At the grade four level, the mean Z scores for black

subjects were significantly higher for the Gates test

but not for the SAT (although even this difference

was in the hypothesized direction).

3. There were no significant shifts in mean Z scores for

whites at either grade level.

4. Both races showed increasingly positive mean attitude

scores over time at both grade levels, but none of

these differences reached significance at the .05 level.

Conclusion. The results were considered supportive of the

hypotheses in all cases. It was concluded that the busing

project was a success in terms of the selected criteria.

B. Summary of Eyaluative Comments: RFP008

1. Many trainees expressed interest in the substantive

ideas behind the Fair City Busing plan. Such comments

as "This is the best plan I've seen." and "I like this

plan." were common.

2. One game manager/instructor expressed surprise at the

"consistent pattern of favorable results" and wondered

whether it was realistic.

3. Two instructors questionned the desirability of con-

-. straining the problem to post hoc studies. Is it good
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research training to require trainees to do such studies,

However, most others felt that many real-life factors

resulted in similar constraints, and that trainees

ought to have experience working within such constraints.

4. These findings agree with the most hopeful of real-life

studies. Is this good training for would-be researchers?

5. In view of the recent court decisions against busing,

some reduction of interest in the problem has been .

experienced.

INTERNAL VALIDITY OF FEHR-PRACTICUM MODEL

It is the position of the authors that the only evidence for the

validity of any simulated problem which is necessary is a demon-

stration that it, in fact, stimulates in its users the type of be-

havior which it was designed to produce. The projects summarized

in this chapter provide concrete evidence that each of the eight

FEHR problems is capable of motivating trainees to the kinds of

problem solving behavior typical of the research/evaluation task.

We conclude that in this sense all eight problems are valid simu-

lations.

The successful simulation of eight different problems demon-

strates the internal validity of the underlying FEHR-PRACTICUM model.

In each case the generated data was considered believable and real-

istic, and participants frequently reported feeling a sense of

urgency and an emotional involvement similar to that experienced

in the real-life situation. We conclude that the model is suffi-

ciently flexible and.adaptable to simulate a wide variety of dif-

ferent problems. The more important question of the pedagogical

effectiveness of the FEHR experience is attacked in the next chapter.
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CHAPTER 4

SUMMATIVE EVALUATION

The summative evaluation presented here varies in only a few

minor details from the plan presented on pages 5 to 11 of the quar-

terly progress report, dated October 20, 1972. Most of the de-

partures from the plan are attributable to the decision (in late

October 1972) to drop the restricted, structured, unstructured

problem designations in favor of a design which permitted instruc-

tors to define their own structures and/or restrictions. There

were now a potentially infinite number of problem "levels" --

essentially a continuum of complexity/difficulty. The evaluation

plan had to be expanded to accommodate this increased range. This

expansion was possible because of the decision to discontinue de-

velopment and evaluation of the performance contracting problems

nine and ten. The rationale and philosophical justification for

these decisions was provided in a previous section: they are

mentioned here merely to help delimit the task.

Purpose.

The purpose of the summative evaluation was to assess the de-

gree to which FEHR-PRACTICUM achieved its general educational ob-

jectives. The system was developed with eight major objectives

in mind. Broadly stated, these objectives were:

General Achievement Objectives

Objective 1. To improve achievement in the content area tradition-

ally associated with research/evaluation training: measurement,

experimental design, statistics, data analysis by canned computer

programs, and the like.

Objective 2. To develop the ability to write proposals and final

reports which are explicit, operational, well organized, and suf-

ficiently comprehensive to permit replication.

Objective 3. To encourage effective field studies; viz., those

which feature:

(a) designs which contain a control group and which permit

valid contrasts on each of the critical study dimensions.
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(b) multiple dependent variables. (It is assumed that in

most practical situations the use of a single dependent

variable is a gross oversimplification leading to costly

errors of omissions.)

(c) an atOmpt to assess the cost effectiveness of both the

programs being evaluated and the evaluation procedure

per se.

General Attitude Objectives

Objective 4. To increase interest in research and research methods

generally.

Objective 5. To increase the perceived relevance of both the

methods and practixe of research and evaluation.

Objective 6. To foster a positive attitude towards the computer.

Objective 7. To foster a positive attitude towards teamwork.

Summary Objective

Objective 8. To provide instructors with an adaptable research

evaluation practicum which can-facilitate a wide variety of in-

structional purposes.

Critical Comparisons

The design of the summative evaluation was dictated by the

critical comparisons implicit in the objectives. Within each ob-

jective, the following four comparisons were considered critical:

Contrast 1. The first, and most important, critical comparison is

the usual experimental versus control condition. Ideally, the

control for an "independent FEHR course" would be a course in pro-

gram evaluation methodology which did not use the practicum course.

However, no such course is presently offered at any of the avail-

able sites. Only the traditional courses in research design, sta-

tistics, and measurement were available. (It is apparently assumed

that the transfer to classroom-based field studies and quasi-experi-

mental design will occur automatically -- an assumption which we

question.) For these reasons no direct control was possible for

the "workshop" condition.
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Two types of controls were available for the "integrated FEHR

course". The author was scheduled to teach two sections of a re-

search design and data analysis course sequence during the eval-

uation interval. It was feasible to develop an experimental "inte-

grated FEHR" condition for one section and use the other section as

a control. Two other statistical courses were available as outside

controls.

In addition to the above controls for the integrated research

training class, it was desirable to have a set of subjects with no

training or experience in research/evaluation to provide a compara-

tive base for the attitudenal dimensions. Students from a core

course in educational philosophy were available. Since all grad-

uate students were required to take the course, the class was

deemed an adequate control for this purpose'.

Contrast 2. The second critical contrast concerns the relationship

between effectiveness and amount of experience with FEHR. Experi-

ence in this context is increased by increasing either the complex-

ity level at which a problem is attacked or the number cf problems

"solved", or both. This is really just an extension of contrast

one, since the control condition may be defined as zero experience

with FEHR.

Contrast 3. The third critical contrast concerns the problem con-

tent: What happens to the effectiveness of the game as we move

from problem to problem? Are all problems equally effective?

Contrast 4. The fourth contrast is concerned with the inter-

relationship between FEHR-PRACTICUM and existing research eval-

uation courses. FEHR-PRACTICUM was conceived as a vehicle for

upgrading the program evaluation skills rather than a self-con-

tained training package. Consequently, it is critical to provide

a comparison-of the effects of integrating the package into a for-

mal pre-structured course (or program) versus using the PRACTICUM

experience as the "syllabus" and providing Whatever consultation

(teaching) is necessary for the player to "Solve" the problem.

For convenience, we shall refer to the latter usage as a "FEHR

workshop" in subsequent discussions.
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Organization

The remainder of this chapter is organized in two sections.

A brief preamble at the beginning of each section describes its

contents and structure. Section I contains a narrative description

of the summative evaluation process. Section II is devoted to a

detailed technical presentation of the empirical evidence. However,

the summarization, integration and interpretation of the findings

with respect to the educational objectives is not included in this

section. For the convenience of the reader, this material is pre-

sented separately in chapter 5.

SECTION I. NARRATIVE DESCRIPTION

This section is intended to provide the reader with an over-

view of the entire project before proceeding with the specific de-

tails of data analysis and interpretation. The discussion is or-

ganized under two main headings: subjects and instrumentation.

Under the subjects heading we provide detailed descriptions of the

various settings in which the trials occurred, and operational def-

initions of the major independent variables of interest to the

evaluation: viz., problem content, amount of FEHR exposure, type

of class, and degree of integration between the regular class con-

tents and the FEHR-PRACTICUM project. Under the instrumentation

heading we provide a detailed description of each evaluation in-

strument used, and the process by which it was developed and vali-

dated. Hopefully, this procedure will permit the presentation of

the empirical data to be shorter and better articulated than would

otherwise have been the case.

SUBJECTS

The summative evaluation of FEHR-PRACTICUM involved 358 subjects

from 20 different education classes conducted during the 1972 and 1973

calendar years. The majority of these (15 classes and 306 subjects)

were regular course offerings at The University of Michigan. The

remaining 52 subjects were distributed among experimental courses

offered by five different institutions: Flint Junior College, Indiana

University, Michigan State University, Ohio State University, and

Western Michigan University. Since three of the University of
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Michigan classes (50 subjects) were used as controls, a total of 308

FEHR-PRACTICUM experiences were evaluated (256 at Michigan and 52

elsewhere). However, the effective sample of experimental subjects

was only 215 because 93 subjects appeared twice. Double appearances

occurred when students enrolled in both terms of a two-semester se-

quence. These repeated administrations were considered even more

valuable than an equivalent number of new subjects. In addition to

the longitudinal information provided by these cases, each separate

appearance contributed unique information because the instructional

purposes, the FEHR-PRACTICUM problem used, and the admiristrative

procedure weredifferent in the first and second semesters.

Originally, we had planned to collect a uniform set of data

from each field trial. This was a practical plan when the system

consisted of ten rather finite problems. However, the current FEHR-

PRACTICUM system permits each user (instructor) not only to choose

which of the eight problems he will use but.also to adapt the prac-

ticum to the needs of his students by assigning only those tasks

which are directly related to the instructiOnal objectives of the

session. Literally hundreds of "assigned problems" with differing

levels of complexity and difficulty (attained through different task

combinations) are possible within the general framework of each FEHR-

PRACTICUM problem. Detailed descriptions of the more important task

combinationsand comprehensive instructions for their use are pro-

vided in the FEHR-PRACTICUM Game Managers Manual. It follows that

each combination would imply instructional objectives with differ-

ent patterns of emphasis. Evaluating the effect of FEHR-PRACTICUM

in terms of these differing purposes obviously required different

data bases or different interpretations of the same data, or both.

Because of this interrelationship it is necessary to discuss the

particular instructional objectives to be included before describing

the data base per,se.

It is obvious from the above discussion that the number of

possible problem variations precluded an evaluation of each FEHR .

problem for all instructional purposes. Even an attempt to evaluate

each problem with a set of say four typical instructional uses would

have required 28 subject groups for each reOlication. There was
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also the fact that an adequate evaluation in many problems reqdtred

a comprehensive and detailed knowledge of:a specialized content area.

For example, the perceptual eduzation problem (PEP) was destgned for

clients who either already had a broad knowledge of theory andarnc-

tice in the psychology of learnin .&-aabilities -or were wt1UA

spend id effom to develop tz.. Similarly, the eads.1t

problem reutrEm interest and knowledge in the field of early child-

hood education.. Clients with thest- interests were not availathle in

sufficient numers to permit an er,j'uattion of a wide range of zom-

plexity and difficulty levels forziamed problems. For these

reasons, the Strategy adopted was: V,:evaluate tthe fIexibi-Tity/

adaptability of the FEHR system tLtti-rg. one 'tstandard" problem, 7tnen

to field tes7.Heach of remaining pl--lems at a complexity level welch

ensured thatIzeach component task was involved. The remedial ar±th-

metic problem (REMAR) was chosen as the standard problem because lt

seemed reasonable to assume that most prospective clients had smf-

ficient experience and expertise in computation to develop an ade-

quate evaluation rationale. Although the use of a FEHR-PRACTICUM

problem to motivate the development of content expertise was con-

sidered a legitimate function for the game,,we chose not to evaluate

this usage because of the prohibitive amounts of time involved.

Class Settings and Instructional Objectives

The seventeen classes in which FEHR-PRACTICUM was field tested

can be divided into two broad groups. According to our evaluation

plan, the first nine classes were to be used for field testing the

eight FEHR problems (RFP packages), and the last eight classes were

to be used for field testing the flexibility/adaptability of the

FEHR problem model using only the standard REMAR problem. However,

in practice the distinction between the two groups was blurred by

differences in the innate complexity and difficulty of the problems

themselves and wide variations in the expectations and standards of

the instructors and game managers from site to site. In addition

there were wide variations in the entry skills of the participating

subjects (students) from class to class. For these reasons the

original dichotomy was dropped in favor of a three dimensional

classification scheme.
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The three dimensions of intErest are: (1) the problem :ontert

,Trea (or areas) used, (2) the degree of exposure to FEHR (nmmter of

mmlects, and the tasks assionPX. in each), and 1:_11: the tyme=fcTass.

-; r=ief description of the c4ig.omries within eac, atmension-ls pm-

-1Nd before describing the saimling pattern per _ =.

1) Problem Content: Ths.--e were eight problems to be eval-

uated in the FEHR-PRACTICUM model. A -ist of the tltles

is provided below. A detailed descriptton was givem tn

the previous chapters._

i. Project PEP: Perceptual 'Education Problem (RFP001).

ii. Project REMAR: Remedial Arithmetit (RFP002). This

is the standard problem described to be used fr the

first implementation at a new site.

Pro'ect EXTSY: Extended School Year (RFP003)..

iv. Project HEADSTART: Early Childhood Education (RFP004).

v. Project READ: Reading Assessment Project (RFRO05).

vi. projestlatEE: Validation of a Teacher Rating

Questionnaire (RFP006).

vii. Project RMA: Remedial Math for Adults (RFP007).

viii. Project BUS: Busing to Athieve Integration (RFP008).

(2) Exposure to FEHR. The amount of exposure to FEHR depends

on both the number of FEHR projects a subject participates

in, and the complexity of each project. The complexity

dimension is operationally defined in terms of the 4ecific

tasks which were assigned in a given class. The items on

the checklist of practicum tasks included in each problem

RFP packet can be subdivided into etght main categories.

Listed in order of occurrence with a section, keyword under-

lined these are: (a) introduction and probaem defindtion,

(b) review of the related literatui,e, (c) conceptual frame-

work or theory, (d) method, (e) plan for analysts of data,

(f) personnel responsibilities, logistics, and hudget,

(g) results of the analysis, and.(h) the educational

interpretation and a recommended decision.
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In general, the eimht sk cav=ga-ies were assigned

in five main patterns. Theae are :77.--ZEll below in (approx-

imate) order of increastnF. cnmplexi=y. Pattern D was not

listed as a FEHR-PRACTIUM arsignment in this evaluation

bu-: was included to illus=1.9 the reLlative position of

the dissertation proposal!: .1.E.d as a Lomparative criterion

in the evaluation of FEHR :Jr-Jaosals.

Pattern A: A restri==c statis=ical study only.

Contains: "roblem, method, analysis and

results.

Pattern B: An expertmn=a1 report, with the review.

Contains: .1--oblent, theory, method, anal-

ysis, resu',:ts and intarpretation.

Pattern C: Both a proposal and a report. Contains:

Problem, theory, method, analysis, lo-

gistics, results and interpretation.

Pattern D: A full proposal. Contains: Problem,

review, theory, method, logistics, analysis.

Pattern E: Both a full proposal and a full report.

Contains: Problem, rewiew, theory, method,

logistics, analysis, results and inter-

pretation.

Anyone of the patterns outlined above could be com-

pleted with varying degrees of sophistication. For example,

reading achievement in problem five could be defined as

the total score on a single starterdized reading test, or

it could be defined as a pattern of scores on a series of

sub-tests. Obviously the lattmrr Anfinition requires a

greater understanding of psycheAngical theory, measurement

constructs, and data analysis tennniques than the former.

This we called the intensity dinnmenam. For the sake of

simplicity, all practicum sessions were classified as either

intensive or non-intensive. An lortentsiaie session required

subjects to develop a detailed thsot=tical structure (usually
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ti var'..ate)

71d.

ed tc neka

loming

Rui

RulL-a

mhich was camprener3ive, internally con-

aearly related co pTeviouS evidence in the

mplexity and intens ty dimensions were com-

the exposure fa,=41.- iiccording to the fol-

The hicter the pi=2,11 level, the 7reater

the exposure. 1711a-: s, pattern E pattern

D > pattern C > pa=tern B > patterr A.

Two experiences at svy pattern level repre-

sent more exposure than one experience at

a higher pattern level provided the experi-

ences are with different problem contents.

Rule 3. Dne intensive experience represents more ex-

posure than two nor-fntensive experiences.

Rule 4. A non-intensive eaperience followed by an

intensive expertence represents more exposure

than a single intensime exposure, but less

exposure than too ini.isive experiences.

Two intensive experiences represented the

maximum possible exzosure availabie in this

study.

Type of Class. Seven different courses were represented

in the 17 which used FEHR-PRACTICUM. Each of these carried

graduate cnedit in the general area of educational research,

but their clientele and purposes differed considerably.

However, it is convenient to group them in tfv A0ee. course

types: general research methods, research toecntds for

specializem content areas, and in-service wmricsnops for

,oracticingeAucators. The parttcular courses in each

c3essification follow:

Leneral Research MethoWs_ These,coursea were attended

(usually on a requirbasts1 by students 'from a va-

riety of graduate pragrams-in education. The courses

in this category were:
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Education 882 at Michigan State University,

taught by Mr. George Sargent in collaboration

with Professors Norman Bell and Allan Abedor.

The students had already completed.elementary

statistics and were studying research design

and analysis of variance, but typically had

little previous mathematics or research training.

Teams of three were assigned a REMAR project at

the pattern B level of complexity. A somewhat

structured FEHR-PRACTICUM (i.e., one dealinc

with 4-6 variables) was used as the core comtent

of the course, with lectures, seminars, and self-

study materials paralleled the problem-solvnng

process. Course material was parallel witn the

practicum but not completely integrated intm

the curriculum. The class was constdered nmn-

intensive.

(b) Education 785: Introduction to Inquiry at Ohio

State University, taught by Professor Willtam

Loadman. This course was very similar to the

course at Michigan State University except =hat

the pattern C level of complexity was used in

order to emphasize budgeting and negotiations.

In addition to fcmmal written budgets including

cost-effectiven assessments, Professor Loadman

required each team-to meet with him to negotiate

their project funding. Again, all students zweed

a fairly structured REMAR problem. Course man-

tent was not integrated. The project was classi-

fied as a non-intensive experience.

(c) Education 601:, Introduction to Educational Re-

search at Western Michigan University, taught

by Professor Uldous Schmidkens. This was pri-

marily a statistics class, and a structmreu

(univariate) REMAR problem was assigned, at: the

pattern A level, to a laboratory exeratsse, to

'717,
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provide opportunity to practice the techniques

tau0:7.: in class. The course content was not

integrated with- the practicum. The project was

classified as a:non-intensive experience.

Education C655 and C656, a two-semester sequence

at The University of Michigan, taught by Pro-

fessor Leerne Con2et, atrector of the FEHR-

PRACZICUR project. Th4s course seplence was of

special -importance lo the project since it was

possible tn adapt the content to take optimum

advantage. In addTtion, the existence of two

separate .sections anabled_some experimental con-

trols to be exercised. Eight groups (course

sections) of students from these classes were

used fln the field trials: two secttons of C655

in tf-c,-: fall semester 1972, two sections of C656

in the winter zemester 1973, two sections of

C655 11 the fall seoester 1973, amd two sections

of C656 in the Ainter semester 1974.

The two secttons of C655 enrolled in fall

1972 were used f--tr a i'ormal experimental eval-

uation (of the elects of FEHR-PRAETJCUR. One

section was assavied to the usual, Izzontory

practice -and thE other was former -zno three-

man team and required to compler- a 'FEHR-

PRACTICUM project at the patterr bevel of

complexity. Thts was a moderateiy -restricted

FEHR-PRACTICUM in which students amsalt with only

one dependent vartable, two or three independent

variables (includtng the treatments), and a few

of the bouc;geting problems. The immtticum was

run as an independent laboratory ne that none

of the FEHR problmesides deattwith in the lec-

ture_ 'However,,,.a -greet deal of consultation was

available durimzthe laboratory -sem.ions. Each
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team was given their choice among the seven con-

tent arees available.
1

I. the sequencia C656 course in winter 1973

all students were assigned to complete a REMAR

projfect. thus enabling us to assess the relative

effiziency of early versus delayed exposure to

a mana,-amely_restriczed FEHR-PRACTICUM problem

usedes the core experiebte with the course de-

signer" around the PRRCTICUM. It placed more em-

phasis An covering classical research methods

than tie C655 practicum. A more detailed dis-

cussion of the design and strategy of the ex-

perimeIrtal evaluation appears later in this re-

port. The content :1,14' the course was not inte-

grate:. oe:n the projec::-. The project was classi-

fied s a non-imtensivie experience.

The T913-74.sequence of C655-C656 was used

to tes7tne nottan tdat one cannot obtain optimum

zele4.7 from FEHR,:=134.2TICUM in the classical lec-

tar ama laboratan -approach. To obtain optimal

the cpunsa m=st be structured in a prob-

lem zzlwing discaverrmode. The pattern E level

cmgplexity was iase,1:in C655 with the REMAR

orobler and the pattern B level in C656 with the

'MUST problem. In tarth cases the course'and

practicua were fialy --Integrated. The project

wac tonsidered an intensive experience. Again,

a detadled explanetiam of this strategy appears

ti a :eftmr section.

1 The ortginal thoicemas among all etgnt problems, but, as mentioned
previously, the READ prok'Aem experiemzed technical difficulties.
This mecessitated shifttmq students :choosing that area to another
problem.
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(ii) Research Methods for S ecialized Content. Only the

Special Education Evaluation Practicum, a course

taught by Professor Candy Garrett at Indiana University

fell into this category. Students in this course were

all training to become researchers, developers and

teacher-educators in the area of special education.

These students were required to conduct a complete

project in the Perceptual Education Problem (PEP).

There pattern E level of complexity was used, but the

statistical aspects of the methods were downplayed

somewhat and great emphasis placed on the review of

research, the theory (conceptual framework) and the

instrumentation. Particular attention was paid to

diagnosing katterns of test scores. Consequently,

it was considered an intensive experience, although

this classification was marginal. The practicum and

course content were parallel, but not integrated.

(iii) In-service Workshops. Three workshop-type classes

were held under the course title Education C699 Pro-

gram Evaluation laboratory. The first two were held

on the University of Michigan main campus at Ann Arbor.

The clientele for these courses were about 75% from

graduate programs in education and 25% curriculum

supervisors and members of the Office of Research and

Evaluation for the Ann Arbor School System. Both

these groups were given their choice among the seven

problems, and both required proposals and final re-

ports at pattern E level of complexity.

The third C699 course was a true in-service course

held in the Flint Junior College. It was attended by

practicing administrators,and,administrative interns

exclusively, each of whom completed a REMAR project

at the pattern B level of difficUlty. Theaini was

to develop the knowledge and skill necessary to use

empirical cost-effectiveness evidence in arriving at

decisions about programs. The FEHR-PRACTICUM problem
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was accompanied by comprehensive consultation from

the instructor: here, the PRACTICUM per.se became

the "course." However, since none of the partici-

pants had previous training in research, it was

necessary to spend a good deal of time developing

elementary statistical concepts. This was arbitrarily

considered non-integrated because no structured con-

tent was presented. Consequently, the project wa

considered to be non-intensive.

In the preceding pages we provided a general description of each

class participating in the evaluation, the way that FEHR was used

with the class, the FEHR problem used, and the specific tasks stu-

dents were assigned to complete. This information has been summarized

in figure 4.1 to provide a convenient reference point for subsequent

discussions.

INSTRUMENTATION

Seven formal instruments were developed to measure the degree

to which subjects had achieved the eight FEHR objectives: six mea-

sures of achievement and three measures of attitude and perceived

achievement. In addition, space for comments was provided on each

instrument, and criticisms were solicited. However, only two in-

struments were administered to all subjects. The remainder were

developed especially for the controlled experimental evaluation

involving only a small subset of the subjects (classes 1-6). A

summary of the instruments developed and the classes to which each

was administered appears in figure 4.2.

None of the measures listed in figure 4.2 is considered to be

a unidimensional scale. Rather, each consists of two or more con-

ceptually independent subscales. Scales are considered conceptually

independent if there is no logical.reason for variation in one scale

to cause variation in the other. Such scales mayield significant

statistical correlations, but these are attributed by.definition to

common causal relationships. The evaluation perse is made in terms

of the subscales. Each of these scales is assumed to have primary
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DESCRIPTION OF INSTRUMENT CLASSES USING INSTRUMENT

Measure of Achievement

1. First Examination: A review
of basic statistical knowledge.

2. Final Examination: C655,
Fall 1972, Applied Statistics.

3. FEHR-PRACTICUM rating sheet/
or proposals and reports.

Measures of Perceived Achievement,
Research Attitude

4. Self Assessment of Research
and Evaluation Skills (SARES)

5. Goal Assessment Questionnaire

6. ORS Questionnaire

Other Measures

7. Written comments and criti-
cisms were solicited at each
administration of an instru-
ment or instruments.

Exp. Eval. Classes 1-3

Exp. Eval. Classes 1-3

All FEHR Classes 1-17 and
Ph.D. proposals: Class 20

Exp. Eval. Classes 1-3
and 4-6

Classes at UM and IU: 4-6,
10-17

Classes 4-17

Classes 1-20

Figure 4.2. Summary of Instruments used in the Summative Evaluation

validity.. That is, the scale is an operational definition of the

characteristic being measured. Consequently, the composition rule

and rationale for each subscale are of paramount importance. This

information is provided in the comprehensive descri?tion of each

instrument 1Nhich follows. For each instrument the discussion is

organized into five parts: a general description-of the instrument

and the process by which it was developed, the evaluation role of

the instrument, the subscales derived from the instrument, and pro-

cedures for obtaining reliability estimates.

First Examination: A review of Basic Knowledge

Description. The test is comprisedof 57 multiple-choice items

selected from chapters 8 to 15 of Runyan and Haber (1967). The test

required a broad basic knowledge of elementary descriptive statistics

and simple statistical inference including t tests for either inde-

pendent or correlated samples. No subsCales were defined for this
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test. The total test score was represented by the symbol El.

Role. The first examination was administered to the ex-

perimental evaluation only (classes 1-3) on October 16. Since the

FEHR treatment did*not begin until after that date, the El scores

were used as a covariate to correct for initial differences in sta-

tistical ability Among classes.

Subscales. No subscales were developed.for this test.

Reliability. The split-half reliability of the entire first

examination (57 items) was .83.

Final Examination: C655, Fall 1972.

Description. The instrument was administered in two parts.

Part one consisted of six short answer explanation items concerning

knowledge of basic statistics and six brief problems requiring the

application of these ideas to simple data sets. Part two consisted

of a brief description of a case study followed by questions re-
.

quiring a critical evaluation of three alternative methods of ana-

lyzing the data described in the case study. All of the items in

both parts had been successfully used with previous classes and a

-detailed scoring guide had been developed. Tlie entire test in con-

densed format, appears in appendix 4A.

Role. The test was administered to the experimental evaluation

groups only (classes 1-3) in two sittings. Part one was administered

during the last regularly-scheduled lecture in December, and part two

was administered during the last scheduled laboratory session two

days later. To.guard against biased administrations, tests in both

sections were administered by a laboratory assistant unfamiliar with

FEHR or the evaluation project. To minimize the effects of scorer

bias, the following procedure was used. Tests were numbered sequen-

tially, then randomly shuffled by a secretary. Students were in-

structed to record the number of their test and not to write their

names or other identification on the test paper. 'Names were assigned

after scoring was completed.

Subscales. No a priori subscales were defined for this test.

However, since FEHR experience seemed likely,to affect some items
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more than others, each item score was recorded separately. Com-

bination strategies are discussed in the analysis section. In sub-

sequent discussions, the symbol FT is used to designate the total
score on the final test.

Reliability. The tests were scored according to a detailed

guide which allocated points for the presence of specific response
characteristics. Using this guide, each test was scored indepen-

dently by both the instructor and his teaching assistant. The

correlation between the total test scores obtained under the two

gradings was .87. For each item, the score assigned was the average

of the two gradings rounded to the nearest whole number.

FEHR-PRACTICUM Product Rating Sheet

Description. The FEHR-PRACTICUM Product Rating Sheet (desig-

nated PRS for short) was developed by the project director to assess

the proposals and reports produced in the practicum. It was intended

to provide an objective measure of the quality of proposals and final

reports for a broad range empirical investigations. Despite the

title, the instrument is really more a checklist than a rating. The

strategy adopted, wherever possible, was to.identify elements or

characteristics of proposals and/or reports that were both unequiv-

ocally identifiable and generally desirable. In developing the in-

strument we have been heavily dependent on material developed by

Resta and Baker (1972) and Bruce W. Tuckman (1972), particularly

with respect to organization and general content. However, the de-

velopment of specific criteria required a number of rather arbitrary

decisions for which the author takes sole responsibility.

A copy of the rating sheet appears on page 126. The rater's

task is to enter in each of the eighty four blanks on the sheet a

number from zero to the maximum value indicated (in parentheses)

before each blank. The maximum value reflects the arbitrary weight

assigned to that element in the overall assessment. The complete

criteria for assigning numbers to each item are given in the guide-

lines which appears in appendix 4B. A few examples will be pre-

sented here to piovide concrete illustrations of the scales involved.
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FEHR-PRACTICUM RATING SHEET

for Proposals and Final Reports

Team

Date

Members

Product

A.Preliminary Materials
I.Title page

(a)precise prob. ident. .

(b)suff. concise for index
(c)too long or wordy
(d)incomplete author/info.

2.Tables: Contents, figures, etc.2

3.Abstract 10

(a)study purpose outlined (2)

(b)target population identified (1)

(c)major dependent variables (1)

(d)design outlined (2)

(e)analytic procedures outlined (2)

(f)key comparisons outlined (2)

B.Body of the Proposal
T.Introduction

(a) statement of the problem
20

(4)

(b)context or background (4)

(c)purpose of proposed study (4)

(d)importance of study (2)

(e)scope and delimitation (2)

(flassumptions, limitations (4)

(g)lacks logical relations (-8)

2.Review of Related Literature 20
(a)relation articles & study (4)-.

(b)article methods evaluated (4)

(c)articles representative (4)

1

1

f (d)logical grouping of. studies (4)

(e)results summar. & synth. (4)

(f)critical studies are missing (-8)

3.Conceptual framework(rationale)24
1

(a)set of principles or laws (4)

(b)prin. tied to theory,research (4)
(c)prin. form coherent unit (4)

(d)prin. & modifying criteria (2)

(e)research hypotheses stated (4)
(f)definition of terms (2)

(g)success crit.(objectives) (4)

(h)lacks logical relations (-10)

4.Method
(a)subjects are described

-sampling described
- samling representative

(b)des3gn-described
-rationale
-variables not operat.
-crit. compar. groups
- valid comparisons

-inval. not controlled
(c)inst.-desc. all tests

-assess rel. & val.
-unsuitable, incomplete

40
(2)

(2)

(4)
(4)
(2)

(2)

(2)
(-4)7
(2)
(4)
(-4)

(d)data-source,who admin.,how
- data matrix defined

(e)analysis-rationale given
- covers hypotheses
-efficient
- inappropriate for purpose (-10)

* 5.Budget 10

(a)source of each item clear (2)

(b)standard items present (2)
(c)problems anticipated (2)

(d)expense resource balance (2)
(e)cost effectiveness assessed (2)_r

* 6.Logistics 10
(a)schedule of activities (2)
(b)work distributed prorate (2)

(c)sufficient personnel (2)

(d)bottlenecks anticipated (2)

(e)sequence logical & efficient (2)

* 7.Personnel 10
(a)major personnel named (3)
(b)personnel respons. defined (4)

(c)evidence of competency(viia.) (3).
(d)personnel inadequate (-10)

**8.Results(Statistical Concl.) 30 7-1
(a)restilt for each hyp. (4)
(b)explicit stat. concl. (2)

(c)neat concise displays (2)

(d)logical organization (6)
(e)explan. graphs, diag. (4)

(f)overall summary, synthesis (12)

(g)procedural errors (-10)

**9.Educational Conc. & Implic. 24
(a)educ. meaning results given (4)

(b)obj. not subj. presentation (4)
(c)pattern of results interp. (4)

(d)cost effectiveness asses'sed (8)

(e)validity of concl. (target) (4)

(f)misinterpretations

10.Gen. Eval. of report/proposal 20
(a)physically neat and:brderly (2)

(b)style acceptable(AERA,etc.) (5)
(c)appropriate citations given (3)-7,
(d)organization clear,readable (5)

(e)study is replicable

C.SupElementary Materials (bonus) 15 F---1
1.Bibliography (3)
2.Appended explanations of data (10)-

MAX.A)OSSIBLE/TOTAL

RATING .

* Applicable to Proposal only 1 40126 ** Applicable to Final Report only



Most of the assignment rules are primarily quantitative.

For example, the rule for section B.1(a) statement of the problem
directs the scorer to:

Give:

4 points if there is an explicit statement of the "basic"

or "root" problem. To rate full credit, the statement

should identify, at least in general terms, each of the

following:

(i) the system being studied.
(ii) what is presently happening in the system.

(iii) what should be happening in the system.
(iv) the reason for believing that it should

happen.

Assign one point for each of the above elements present.

However, it was also recognized that the style and organi-

zation can reduce the communicative power of a presentation which

contains all the elements of information to be communicated. Con-

sequently, one or more elements in each section provide.for sub-

jective judgments of the cumulative negative effects of such flaws.

For example, the assignment rule for section B.1(g) lacks logical

relations directs the scorer as follows:

Give penalties of:

0 points if the material presented is smoothly connected

and many of the above characteristics are present and

individually meaningful, but there are inconsistencies,

contradictions or ambiguities among characteristics.

-2 points if it would be necessir'S, for the average member

0 the intended audience to read the section several

times to determine what the study is about. (Do not

impose this penalty if the re-reading is necessary be-

cause the reader does not have the background knowledge

common to the writer's intended audience!)
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-4 points if even after successive readings the average

member would be uncertain about the study's purposes.

-8 points if after successive readings the average reader

in the intended audience would have no idea what the

study is about.

There was also a need to provide judgments on the organi-

zation, style, and readability of the Proposal or report as an

entity. A separate section (8.10) is devoted to that purpose.

Again, the rationale was to upgrade objectivity by separating

purely judgmental ratings from the "checklist" ratings wherever

possible.

The question of element relevance proved difficult to handle.

Obviously, the elements identified by certain items (e.g., B.1(f)

assumptions and limitations) were irrelevant and unnecessary in

some studies. Yet, to allow each rater subjectively to determine

whether each element was relevant to a particular study would

certainly decrease the objectivity of the scale. Two actions

were,taken to.minimize the effects of item relevancy on overall

quality scores and on the relative weightings placed 'on various

sections of the document. First, wherever it was logical to

expect substantial numbers of studies for which an item was

irrelevant, the scoring instructions began with an award of full

points and subtracted points for relevant data which was missing

rather than adding for adata which was present. Second, in a

case where a particular element was clearlyjwyond the scope of

the writer's responsibility (e.g.,in a FEHR problem which spe-

cifically excluded a review of the literature), the expected

score was amended to zero. Thus, for any section, one could

calculate both an absolute score based on the information which

was present and a relative score based on the proportion of the

assigned tasks which were present.
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Role. The product rating scale was cionstdered to be absolutely

vital to the evaluation because it was based on assessment of an ele-

ment common to all research/evaluation activities: the research pro-
duct. It had the additional advantage that proposals and reports

formed permanent records, thus permitting scoring procedures to be

reviewed and verified. There was, however, an important disadvantage
to the strategy. In addition to the amount of time required to de-

velop the instrument (about three months), a conscientious scoring

of one proposal or final report took at least two hours: approxi-

mately thirty-eight man/days of labor on just this phase of the

evaluation. On balance, the increased information was considered

adequate justification for the time investment.

The instrument was developed during the winter of 1973, and for-

matively evaluated during that summer and fall using all the products

from the 1972-73 year. The scoring criteria gradually evolved over

that period, reaching its present form by December. The instrument

was used to score all proposals and reporIs coflected in the FEHR-

PRACTICUM field trials. Because of the chanties during development,

it was necessary to rescore all the 1972-7aAaaterials. To-obtain a

comparative base from which to judge adequam;,, the product rating

sheet was also used to score nine randomly-seRected dissertation

proposals (class 20).

Subscales. A total of eighty four separate item scores plus

fourteen subtotal scores (as indicated by the rectangular boxes) were

available from the rating scale. However, for purposes of this eval-

uation, some of the subtotals were grouped into larger summary scales.

The major summary scales to be used here are:

1. Introduction and Problem Definition Scale (IP): the sum of

items B.1(a) to B.1(g).

2. Review Scale (RV): the sum of items B.2(a) to B.2(f).

3. The Conceptual Framework Scale (CF): the sum of items B.3(a)

to B.3(h).

4. The Method Scale (M): the sum of item 13.4(a) to 13.4(e).

5. The Logistics Scale (LG): the sum of items B.5(a) to B.7(d).
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6. The Result/Conclusion Scale (RC): the-,sum of -7tems 8.8(a)

to B.9(f).

7. The General Evaluation Scale (GE): the sum of items B.10(a)
to B.10(e).

8. The Composite Scale of Commonly Assigned Proposal Elements
(CP): the sum of the IP, CF, M, and GE scales. Since these

elements were common to both proposals and reports, it was
useful for comparing groups which had completed one or the
other but not both a proposal and a final report. The R
scale, which one would normally want to include in this

composite scale, was excluded here because ot L. tremendous
variety among evaluation sites in the resources and expec-
tations for this element.

The Compcstte Scale af Commmnly Assigned Final' Report Ele-

ments (FC): the sum of the IP, CF, M, RC, antd GE scales.

1C A PP Scale representing the-propartion of theF,assigned (or

expected) proposal tasks credited_was calculated by dividing
the total of all proposal tasks for each subtect by the total

-possible score for his class if all,assigned tasks had been

satisfactorally completed.

11. A PF Scale representing the proportion of the assigned (or

expected) final report tasks credited was calculated by di-

viding the total of all final report tasks for each subject

by the total possible score for his class if all assigned

tasks had been satisfactorally completed.

Rater Reliability. The ideal procedure for estimating rater

reliability would have been to insert exact replicates of previously-

scored documents at random intervals throughout the data. This plan

was rejected because of the amount of lime involved. However, a
rough estimate of the minimum value of the random replicates reli-

ability could be obtained by what was labelled the identical-elements

correlation.

Each of the seventy-odd subjects in class 14 (C655, fall 1973)

were required to write a formal proposal for evaluating the effec-
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tiveness of the various treatments which involved one assigned de-

pendent variable, one assigned Mbderator (independent) variable, and

one "personal-interest" variable (chosen by the subject). The stu-

dents worked together in teams of three to develop their proposals,

but the assignments were arranged so that the members of every team

had two variables in common. Because of this feature, the proposals

developed by members of the same team had many identical elements

which were developed cooperatively.

The procedure used was to (temporarily) mask the identification on

each proposal, mix proposals from all classes thoroughly, then com-

plete therating sheets for the entire set. When this task was com-

plete, the products were identified and matched by team membership

into all aossible pairs. For each pair the scores on all identical

elementsvere computed and the correlation between paired scores com-

puted over the entire class. Because of the redundancy in the within-

team pairtng procedure, the degrees of freedom for the correlation

were defined by (total degrees of freedom within teams = 2) rather

than (number of pairs = 2).

The correlation obtained by this process was .6759. Since the

"identical" elements were seldom as much as half the paper and in-

cluded errors attributable to differences in format and style-a§ well,

this was considered a respectable level of rater reliability.

Self Assessment of Research and Evaluation Skills (SARES)

Description. The SARES instrument contained forty items de-

scribing tasks such as: "compute and interpret a one-way analysis

of variance" and "distinguish among main effects, interacttons, simple

main effects, and confounded effects." The subject was asked to pro-

vide three ratings for each task: (1) their competence to perform

the task, (2) their interest in that sort of task, and (3) the im-

portance or relevance of the task for their planned career. A five-

point scale was used for each rating, with one representing complete

absence of the characteristic being assessed, and five representing

a superior level. A copy of the instrument appears in appendix 4C.

Role. The instrument was designed to be used with all field-

study subjects to measure the effects of various types of experience
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on subjects' perceptions of their competence, interest and relevance

with respect to various research tasks. The instrument was admin-

istered to the experimental evaluation classes (1-3) at the end of

the semester (December 1972), and to the same people again at the

end of the second semester in May 1973. For these groups the ques-

tionnaire seemed adequate. However, when it was administered to

somesample control subjects, they found the language so technical

and unfamiliar that they were unable to respond. Consequently,

another instrument -- the FEHR questionnaire -- was developed to

permit control group comparisons.

Subscales. Within.the competency interest and relevance dimen-

sions, the forty item responses were grouped into eight content areas:

(1) elementary statistics, (2) senior statistics, (3) sampling, (4)

scaling, (5) measurement, (6) design, (7) goal explication, and (8)

completing a dissertation. In addition, mean competency (MC), interest

(MI), and importance or relevance (MR) scales were computed by aver-

aging over the eight content areas. These three scales were used for

all between-group comparisons.

Reliability. In the summer of 1972, the instrument was admin-

istered to a small class (N 22) on two difference occasions. Since

there was only a one-week interval between administrations, it was

assumed that no actual changes in attitude had occurred and errors

could be attributed to unreliability in the test. The obtained cor-

relations among the mean competency, interest and importance scores

at first and second administrations appear in figure 4.3.

Goal Assessment Questionnaire GA )

Description. The GAQ was used as a course-evaluation device

by all the FEHR classes conducted at the University of Michigan. It

differs from the usual course evaluation questionnaire in that each

student response is explicitly related to an.instructional objective

and a corresponding criterion of success. In this study, all re-

sponses were related to the following nine goals and their associated

criteria.
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Competency
Time 1

Interest
Time 1 .4795

Importance
Time 1 .437/1 .7124

Competency
Time 2 .7375 .4713

Interest
Time 2 .4825 .7198 Jii455 .4998

Importance
Time 2 .4692 .6537 .7592 .5294 .7077

Competency Interest Importance Competency Interest
Time 1 Time 1 Time 1 Time 2 Time 2

Critical r @ .95 level = .4227; Critical r @ .99 level = .5368

Figure 4.3. Matrix of Correlations Among Mean Competency, Interest,
and Importance Ratings Collected One Week Apart.

GOAL 1: To in:crease tnterest -in -neEearch methodology and conr

fidencetin dealing with statistics and statistics-

relatedmourses by usingTEHR pftblems.

Criterion.. This goal has been maderately.achieved if

You found this course to bevore interesting and/or

less anxiety-arousing thanapuAlad exPected. It has

been completervarhieved ify01.1 are now sufficiently

interested and:confident to-enjoy learning about new

Tesearoh methods,

GOAL 2: To develop an increased appreciation for the innate

complexity of evaluating program effeCtiveness.

Criterion.. This goal has been achieved if you now

consider more dimensions in the evaluation task than

previously (e.g., use.more variables to "measure" the

-effects).
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GOAL 3: To develop the tolerante for ambiguity and patience

necessary to deal with a complex problem.

Criterion. You have completely achieved this goal

if, when given a problem for which no final solution

is evident, you proceed with any method which will

reduce the uncertainty -- even by a small amount --

confident that a step-by-step approach will eventually

lead to a solution.

GOAL : To integrate and interrelate your existing knowledge

and skills in measurement, research design, statistics,

psychological theory, and educational practice.

Criterion. You have achieved this goal if you now

feel that your knowledge and_skill in two or more of

these areas somehow "make more sense" or "fit together

better."

GOAL 5: To attain sufficient skill in data analysis to compute

up to a t test by hand (i.e., using only a calculator),

and to interpret the results.

Criterion. You have achieved this goal if you have

correctly followed the cookbook formulas for this task,

shown where the numbers come from and interpreted the

results of a computer analysis of the data.

GOAL 6: To develop the ability to use an appropriate computer

program to do more complex analyses such as a one-way

ANOVA with subseouent comparisons using the combination

command and to interpret the results.

Criterion. You have achieved this objective if you have

successfully completed both of the above designs on

sample data, and were able to interpret the results.

GOAL 7: To develop the ability to identify the common threats

to internal and external validity when both are present

in a study, and to suggest research techniques to con-

trol these-threats.
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Criterion. If you are confident that you can retognize

examples of any of the common sources of invalidity

(in an open book situation), and can suggest some method

of controlling each threat, you have completely achieved.

this objective.

GOAL 8: To develop the ability to state a (given) research/

evaluation problem in terms of relationships among

variables.

Criterion. If you have participated in a successful

FEHR proposal and are confident that you can state a

new problem in operational terms, you have achieved

this objective.

GOAL 9: To develop the ability to write research/evaluation

proposals and final reports in an acceptable style.

Criterion. If you have participated in writing an

acceptable proposal and repOrt, and are confident

that, with minor help, you could complete the task

by yourself, you have completely accomplished this

objective.

For each goal listed above, the subjects were asked to respond to the

following six questions by choosing one of the five options provided.

1. In terms of my professional aevelopment, the attainment of

this instructional goal is:

(1) Likely to detract from my professional performance.

(2) Unrelated to my professional performance.

(3) Necessary for masterful performance but not for adequate

performance.

(4) Necessary for adequate professional performance.

(5) A prerequisite which must be mastered before adequate

performance can be developed.

2. During the course, the instructor's communication of this

goal to our class was:

(.1) Essential but not attempted.

(2) Useful (rather than essential) but not attempted.
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(3) Not attempted and not needed.

(4) Attempted but needed further clarification.

(5) Clear and adequate.

3. Within the time constraints of the course, the task of

achieving this goal was (is) for me:

(1) Very easy. Accomplished with very little effort.

Accomplished before the course began.

(2) Moderately difficult. Accomplished with moderate effort.,
(3) Difficult, Accomplished with considerable effort, ..,

(4) Extremely difficult. Accomplished only with great effort.
(5) Impossible for me to accomplish in the time available.

4. Regardless of the difficulty or ease indicated, my achieve-

ment of this goal, in terms of the criteria suggested by

the instructor, is:

(1) Well below criterion performance.

(2) Somewhat below criterion performance.

(3) Close to criterion performance, but some question remains.
(4) Clearly adequate,,at or somewhat above criterion per-

formance._

(5) Well above criterion performance.

5. During this course, assignments and/or laboratory exercises

which provided an opportunity to achieve this goal were:

(1) Necessary, but not provided.

(2) Not provided, but unnecessary.

(3) Present, but more were needed.

(4) Present in adequate quantities.

(5) Present in quantities greater than warranted.

6. The emphasis placed on this goal, relative to other course

goals, should be:

(1) Greatly decreased.

(2) Decreased somewhat.

(3) Left as it is.

(4) Increased somewhat.

(5) Greatly increased.
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Role. The GAQ was administered to all FEHR classes at the

University of Michigan to provide a direct measure of student per-

ceptions of the degree to which they had achieved the instructional

goals listed previously. It was not used in the off-campus trials

because it was not possible to obtain a priori concensus on the

goal statements.

Subscales. For purposes of this study the questionnaire re-

sults were reduced to two scales per goal. The first was the goal

importance as measured by the mean of questions 1 & 2 and the second

was goal attainment as measured by the mean of questions 3 & 4.

Reliability. Neither internal consistency nor test-retest

reliability estimates were considered adequate for this study. The

former was unsatisfactory because the items were designed to measure

attributes which were conceptually independent. The latter was un-

satisfactory since we were predicting treatment effects which were

interactive with organismic variables such as ambition or activity

level. However, reliability is of value primarily because it is a

prerequisite to validity. Since the study results constitute evi-

dence for the construct validity of the GAO subscales, no estimate

of reliability was considered necessary.

ORS Questionnaire

Description. The ORS questionnaire consisted of six semantic

differential ratings on each of eleven different elements of a re-

search enterprise. The subject's attitude towards an element was

defined by placing an X in one of a series of blanks separating six

pairs of polar adjectives. The first item is listed with the X's

placed to indicate a great need for research skills combined with

fear of mathematics.
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(1) Statistics is:

(a) Intimidating X . Inspiring self-
confidence

(b) Irrelevant to my Necessary for my
future work : X future work

(c) Wearisome : X: Interesting

(d) Conceptually Conceptually
difficult X : simple

(e) Complex in Simple in
practice X : practice

(f) Unrewarding : X: Satisfying

The remaining elements to be rated on these six dimensions are

listed below, with the bipolar adjectives omitted to save space.

(2) Computers

(3) The research process

(4) Research design

(5) Defining successful completion of an educational objective

(6) Proposal writing

(7) Identifying the basic need a proposed program is trying
to meet

(8) Basing decisions on research

(9) Budgeting 'tAme, money and other resources

(10) Practicum experience in research

(11) Team work in research

Role. As mentioned previously, the rating scale developed for

the experimental evaluation proved too technical for research novices.

This instrument was intended for use with both.experienced researchers

and the research nOvices from the control groups. It was administered

to all classes except the first three. (Note, however, that most of

the students from these classes did respond to the questionnaire dur-

ing their second semester of research training; that is, in classes

four to six.)

Subscales. The sixty six ratings resulting from the question-

naire were reduced to ten subscales, as follows. first, the six

ratings on each element was to an interest dimension computed by

averaging of ratings (a), (b), (c) and (f), and a difficulty dimension
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computed by averaging ratings (d) and (e). The data was further

reduced by combining the original eleven elements into five cate-

gories, with each category having an interest scale and a diffi-

culty scale. The five categories and the corresponding scales

were:

(1) The classical research elements (items 1, 2, 3 and 4)

which produced the ICR and OCR scales.

(2) The program evaluation elements (items 5, 7 and 8) which

produced the IPE and DPE scales.

(3) The proposal writing elements (items 6 and 9) which pro-

duced the IPW and DPW scales.

(4) The research practicum elements (items 10 and 11) which

produced the IRP and DRP scales.

(5) The grand mean of all items which produced the MI and MD

scales.

Reliability. The questionnaire was administered pre and post

to a number of classes. Unfortunately, the confidentiality require-

ments enforced on some sites made it impossible to pair the pre and

post scores at many sites. The correlations for the 47 people for

whom pre-post pairings could be firmly established appear in figure 4.4.

Dimension

Scale

Classical
Research

Educ.
Eval.

Proposal
Writing

Research
Practicum

Grand
Mean

Interest .4289 .3798 .2094 .0070 .2853

Difficulty .4531 .1766 .1540 .3207 .2609

Figure 4.4. Pre-post Correlations for ORS Subscales.

The wide disparity in correlations does not mean that "interest

in the research practicum" is less reliable than "interest in classi-

cal research." In fact, it is probable that the difference in corre-

lations occurs because the FEHR experience caused a moderate positive
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increase in the "classical" interest for most people, while the

"practicum" interest was radically improved for some people, mildly

improved for the majority, and radically decreased for a small mi-
nority. Non additive treatment effects result in reduced corre-
lations. It seeffs reasonable to assume that the highest obtained

correlation (.45) represents the minimum bound of reliability.

However, the assumption is not critical: the legitimacy of the

scales derive from the construct-validity evidence which is im-

plicit in the results obtained.

Summary of Instrumentation

An overview of the instruments used with each class is pro-

vided by figure 4.5. An X indicates that the instrument named at

the top of the column was administered to the class listed in the

left hand margin.

SECTION II. EMPIRICAL EVIDENCE

The previous section presented an overview of the data sources

to be used in the summative evaluation of FEHR-PRACTICUM. In this

section we shall present the empirical data on which the evaluation

is based. It is convenient to discuss the experimental evaluation

and the field evaluation separately under the labels study one and

study two. Within each of the studies the material is organized as

follows:

(1) A brief introduction describing the role of the study in

the total evaluation followed by statements of:

(a) The specific purposes of the study.

(b) The rationale upon which the study is based.

(2) A description of the experimental method under the follow-

ing headings:

(a) Subjects and sampling plan

(b) The educational treatments

(c) The design, including:

- a diagrammatic summary
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- dependent variables

- moderator and control variables

(d) The research hypotheses

(e) The analytic plan

(3) The results of analysis

(4) A summary of the findings

STUDY ONE: EXPERIMENTAL EVALUATION

It is obvious from the summary of participating classes dis-

played in figure 4.1 that the experimental evaluation was actually

a subset of the field evaluation rather than an independent study.

It consists of that portion of the evaluation for which it was

possible to do some random assignment and to exercise a modicum of

control over treatments. More specifically, we shall be concerned

with the information obtained from the first six classes.

Purpose. The specific purpose of this study was to assess the

effectiveness of FEHR-PRACTICUM as a laboratory experience to accom-

pany graduate education courses in research design and data analysis.

In particular, we wished to compare the achievement and research

attitudes of students given FEHR projects and students given the

traditional skill practice using encapsulated data from prior stu-

dies (i.e., printed problems).

Rationale. Students in graduate education, regardless of their

specialty, are usually required to develop a "research competency."

In practice this has traditionally meant that they were required to

complete one or more courses in the area of measurement, research

design, and data analysis. It is frequently the case that a large

proportion of the students entering these coUrses are there only

because of the requirement. They typically have had llttle mathe-

matical training beyond high school (often many years ago) and are

fearful of the statistical content. In addition, a substantial num-

ber of students consider both statistical theory and practical lab-

oratory experiences based on neat "canned" experiments to be largely

unrelated to the work for which.they are befng trained. Since a
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FEHR-PRACTICUM project requires the participants to apply research
methods to a practical on-going problem, it should help bridge the
gap between theory and practice. In addition, the intense involve-
ment which has been characteristic of FEHR participants in the put
ought to ameliorate the effects of fear of statistics. If this in
fact happens, one would expect that the earlier the exposure to
FEHR, the better, and that increasing the amount of exposure (either
through more complex problems, or a greater number of problems, or
both) will result in increased achievement and an improved attitude
toward research.

Method

Subjects. The subjects for the study consisted of all students
in Education C655 at the University of Michigan during the fall se-
mester.of 1972. Education C655 is the first in a two semester se-

quence of research design and data analysis courses wt.ich are re-

quired by most of the graduate programs in education as evidence of

research competency. It is typical of similar courses in other

colleges of education in that only a small minority of these stu-
dents have had previous research experience or a college course in
mathematics.

The students had registered for C655 with the understanding

that the class would be split into two approximately equal sections
which would share a Monday lecture session, but have separate lab-

oratory sections to be scheduled on Wednesdays and Thursdays. The

two laboratory sections comprised the control and experimental treat-
ments. Unfortunately, it was not possible to assign students to

laboratory sections entirely at random. Twelve students had schedule
conflicts which required a Wednesday laboratory and eight required
a Thursday assignment. In addition, there were six students who

were specializing in research methods and were therefore simulta-

neously enrolled in a C699 course which involved an intensive FEHR

project. The latter were considered a unique group. The remainder
of the students were randomly assigned to sections so as to obtain
equal numbers of students. On the flip of a coin, the Wednesday
section was assigned to the experimental FEHR condition, and the
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Thursday section to the control condition. Luckily, the six stu-

dents simultaneously enrolled in C699 were all able to meet either
day. Rather than introduce a condition which mixed FEHR students

with students experiencing the traditional laboratory practice,

the six were assigned to the experimental condition'. Thus, two

levels of involvement within the experimental section were created.
The regular experimental laboratory was designated a restricted

FEHR involvement, and the experimental laboratory supplemented with

a C699 project was designated an extensive FEHR involvement.

Although the Wednesday and Thursday laboratory sections were
initially of equal size, there were four 13te registrants and one
drop. The final distribution was 28 subjects in the Wednesday ex-

perimental section (22 restricted and 6 extensive), and 25 subjects

in the Thursday control section.

Since most of the students who enrolled in Education C655 also

enrolled 0 the sequential C655 course the following semester, the

experiment was planned to continue over two academic terms. When

winter enrollments were stabilized, the student body of Education

C656 consisted of 15 students from the fall control group, 21 stu-

dents from tte experimental restricted involvement level, 6 from

the experimental extensive involvement level, and 16 new students

who had taken their first-semester course elsewhere. The distri-

bution of subjects is summarized in figure 4.6.

Group
Term 1

Education C655
Term 2

Education C656

Control n = 25 n = 15

Experimental
Restricted n = 22 n = 21

Experimental
Extensive n = 6 n = 6

New Stuoants for C656 n = 15

Figure 4.6. Distribution of Subjects in the Experi-
mental Evaluation.
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Treatments. Before proceeding With a technical discussion.of

the design, it is useful to have a better understanding of the sub-

stantive content and instructional strategies irivolved in the various

course sections which constitute the educational treatments in the

experiment. A brief description of each treatment is provided here,

with supporting details provided in the referenced appendices.

The discussion is organized chronologically into fall term and win-

ter term treatments.

Fall Term: Education C655. The content for which all students

were responsible was presented in a two-hour lecture session on

Monday exclusively. This session was attended by students from

both sections. The content of the course was classical research

design and data analysis with little emphasis on problem defi-

nition or decision oriented research. Topics included basic re7

search design, descriptive statistics and inferential statis-

tics up to a one-way analysis of variance. The treatments to

be compared were the different laboratory sessions. These are

described below under three headings: control, experimental,

and experimental double exposure.

1. Control. Students in the control section were given lab-

oratory problems which required the practical application

of the principals studied in class to new data sets in

laboratory handouts. To encourage generalization to prac-

tical situations, many of these were presented as synop-

sized research projects. However, no attempt was made to

provide continuity from project to project. The entire

set of laboratory exercises appears in appendix 40. The

instructor and his teaching assistant circulated about the

laboratory helping students complete their assigned exer-

cises. On October 15, when the experimental section was

formed into teams, the control group was also formed into

three-man groups. These groups worked on the laboratory

problems collectively, but each person was expected to com-

plete all exercises and to be able to explain what was done.
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2. Experimental Restricted. Students in both the experimental

sections were given the same laboratory problems as the

control group until October 15. On that day they were

given synopses of the eight FEHR-PRACTICUM problems and

asked to form research teams of two or three members each.

Each team was to complete a FEHR-PRACTICUM project for the

problem of their choice before December 11. For the re-

mainder of the term, they were told, all laboratory sessions

were to be spent on their project. The groups worked col-

lectively on their project, but each individual was ex-

pected to produce his own report and to be able to explain

the rationale for each step in their experiment and to

discuss the educational meaning of each finding. The spe-

cific tasks assigned were defined by the checklist of tasks,

as discussed previously.

3. Experimental Extensive. As a supplement to the regular

course project described above, every student had the op-

tion of doing a complete FEHR-PRACTICUM project for extra

credit via a companion course Education C699, which could

be elected simultaneously. This course did not involve

any additional instruction or a scheduled class session:

it was a vehicle for awarding credit for intensive team

research efforts. Students who enrolled in this course

were expected to spend several additional hours each week

(over and above their C655 commitment) in "solving" their

FEHR problem. The C699 project was much more comprehensive

than the one assigned in C655. It involved submitting for-

mal proposal (including budget) and negotiating funding as

wall as completing an evaluation project and writing.a for-

mal report. However, students who were simmltaneously en-

rolled in the two courses completed a single "report for

the two classes. The extra time did not provide-an unfair

adv?Intage over other C655 students since the course grading

procedures were kept independent of the project products

per se, as demonstrated by the final examination.
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Winter Term: Education C656. The topics covered in the second_

course included intermediate research design (blocking, balan-

cing, etc.), factorial of variance, one-way and factorial anal-

ysis of covariance, the general multiple regression, non-para-

metric statistics, and an introduction to multivariate techniques.

A complete syllabus is available on request. The course organi-

zation was similar to the first semester, with two laboratory

sections (Wednesday and Thursday) and a common lecture session

(Monday). Both second-term laboratory sections featured an in-

tensive FEHR project: no control type of laboratory was offered.

However, students again had the option of enrolling in Education

C699 for additional FEHR experience. Thus there were again tdo

levels of involvement. These were designated intensive and in-

tensive/extensive respectively.

4. Experimental Intensive. The regular C656 conducted in essen-

tially the same fashion as the C655 experimental laboratory,

but with three modifications: (1) the project lasted the

entire semester, (2) a great deal more research sophistica-

tion was expected, and (3) the proposals and final reports

were included in the course grading system. The number of

tasks assigned was the same as for the fall C699 project,

but the students increased knowledge of sources of invalid-

ity and the possibilities for statistical control produced

an approach that was intensely concentrated: hence the dis-

tinguishing label.

5. Experimental Intensive/Extensive. As mentioned, the experi-

mental intensive/extensive group took a C699 course simul-

taneous with C656. However, unlike '!ts fall counterpart,

this course required each student tc complete a comprehen-

sive FEHR project on a different problem than the one used

in C656. Thus, each member of the experimental intensive/

extensive group produced two proposals and two final reports

during the winter term. Both of these were intens.ve pro-

jects.
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Sampling Sept. 11 Oct. 16 Oct. 16 Dec. 11 Jan. 8 Apr. 30

PR X0 0
11

X
0 O21

- -- X3 031a
---.

X
4

0
33a

PR X0 0
12

X1 0
22
---X

3
0
32

*,
X
4

0
33b

IG X0 0
13

X2 0
33c

071v z-3.X.4
-- ,

X4 0
33d

IG New students beginning in C656 ----4>X 0
31b....,. 3

X
4

0
33e

Figure 4.7. Schematic Representation of the Experimental Design.

Design. The design of the study is represented schematically in

figure 4.7 using a notation adapted from Campbell and Stanley (1963).

The symbols in the left hand column define the sampling procedures

described in the previous section. The letters PR and IG stand for

partially randomized and intact groups respectively. The letter X

represents a treatment which began on the date appearing above the

column in which it appears. The subscript identifies both the par-

ticular treatment or combination of treatments administered and the

degree of FEHR exposure (the higher the number the greater the ex-

posure), as shown by the following key:

0 Fall control treatment. A laboratory problem in applied

statistics was completed each week. A different problem

was used each week.

1 Fall experimental restricted. The assigned FEHR project

required only a final report. No proposal was required,

and costs were ignored throughout the project.

2 Fall experimental extensive. A C699 class was taken simul-

taneously with the regular C655: An extensive FEHR project
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lasting all semester was required. It featured both a pro-

posal (complete with literature review and budget) and a

final report. This project also counted as the C655 lab-

oratory project.

3 Winter experimental treatmea. An extensive FEHR project

lasting all semester, and requ4ring both a proposal and a

final report. The proposal required a budget, but only

the information bank literature was reviewed.

4 Winter C699 class was taken in addition to the regular C656

class. Students taking this course completed a second com-

plete projezt in addition to the regular C656 project.

The letter 0 represents a set of observations taken during the week

which begins on the date above the column. The first subscript

identifies the time at which the measurement is taken and the second

identifies the group which was observed. The subscripts a, b, c, d,

and e in the last column are used to indicate subgroups. These five'

subgroups were pooled, after appropriate testing for similarity, to

form the larger treatment groups. The procedure for doing this is

described in the analysis section.

In the remainder of this section a dot (.) is used for a sub-

script to indicate that data has been pooled over the elements

identified by the subscript concerned. Thus, 01 refers to the set

of measures taken from all groups at time 1, and 0.2 refers to all

the measures taken on group 2 during the whole experiment (i.e., at

all three times). This notation is particularly convenient for the

operational specification of critical comparisons. The variable

scores contained in each observation set, and the instruments from

which they derive appear in figure 4.8.

Hypotheses. 'The hypotheses to be tested in this study derive

directly from the first five general objectives of the summative

evaluation. If the FEHR system is meeting its objectives, then an

increase in exposure (either the complexity (intensity) of a project

or in the number of projects completed) ought to produce a monotonic

increase in the variables which operationally define the objective.

1. 6 '3
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SET INSTRUMENTS ADMINISTERED SUB-SCALE SYMBOL FUNCTION

First Examination: C655 Total El Covariate

Final Examination: C655 Total FT Dep. Var.

Self Aessment of Res.
and Eval. Skills (SARES) Mean overall

for
1. Competency
2. Interest
3. Relevance

MC
MI

MR

Dep. Var.
Dep. Var.
Dep. Var.

FEHR-PRACTICUM Product
Rating Sheet (PRS) 1. Intro. &

Prob. Def.
2. Review of

Lit.
3. Conceptual
4. Method
5. Logistics
6. Results
7. Evaluation
8. Proposal
9. Proportion

Prop.
10. Final Rpt.
11. Proportion

Final Rpt.
12. Proposal

Composite
13. Final

Composite

IP

RL
CF
m

LG
RC
GE
P

PP
F

PF

PC

FC

Dep. Var.

0
3.

Self Assessment of Res.
and Eval. Skills (SARES) Mean gain

from 0
2.

1. Competency
2. Interest
3. Relevance

GC
GI

GR

FEHR-PRACTICUM Product
Rating Sheet (PRS) As above As above Dep. Var.

Figure 4.8. Variables Measured at Each Observation Time.
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The degree of FEHR exposure involved in the various treatment com-
binations is expressed symbolically below. For convenience, we

have ignored the first five-week control treatment administered

to everyone at the beginning of the experiment.

X0 < X1 < X2 < X3 < X4

The corresponding relationship among observation sets is given by:«
021 022 023 031 032 < 033

The specific hypotheses to be tested in this study can be gen-

erated by stating each of the first five objectives as a major sub-

stantive hypothesis, specifying the scales which operationally de-

fine the dependent variables of interest, and then stating the

specific hypotheses as expected relationships among the means of

observation sets for each scale. The scale symbol is subscripted

to identify the observation set as described in the design, and a

bar over a symbol signifies the mean score of the observation set

concerned.

From objective one it was hypothesized that an increased ex-

posure to FEHR would produce a monotonic increase in achievement

and perceived achievement. Achievement at observation time two

was operationally defined as the total score on the final exami-

nation (FT). Perceived achievement at both times two and three

was.defined as the mean competency scale (MC) from the SARES in-

strument.

The immediate effects of the experimental treatment could be--

assessed by comparisons within time two. If the accured advantage

per:isted into the next term, one would expect a similar trend

among the difference between time three and time two scores (DC).

(The MC scores from time three reflect both time two and time three
differences: alerefore, the difference score was used.) Finally,

if the trend continued one would expect a monotonic increase in MC

scores with increased experience over the whole experiment: i.e.,

over both time two and three. However, the design.did not protect

against the spurious CI:ects of repeated testing: consequently,
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support of the first two hypotheses and non-support of the overall

trend would not constitute a negative finding. On the other hand,

a consistent monotonic increase would tend to be supportive of the

underlying theory.

Summarized symbolically by scales; the four hypothesized re-

lationships were:

(1) 7721 < 7722 < 7723

(2) PT-21 < 1Y22 < Fff23

(3) 731 < 732 < 733

(4) R-21 < IE-22 < MC23 < Fr31 < < 7-33

From objective four it was hypothesized that at time two an

increased exposure to FEHR would produce a monotonic increase of

inter!st in research and research methods as measured by the MI

scale (mican of all the interest ratings) on the SARES instrument.

A similar increase in the time three Wnus time two difference

scores (DI) was hypothesized. In addition, it was hypothesized

that MI scores would show a monotonic increase with FEHR exposure

over the entire experiment. However, MI scores, like MC scores

are subject to the effects of testing. Again, non-support of the

overall trend would not 12y. itself constitute negative evidence.

Summarized symbolically by vari3ble, the hypothesized relations

were:

(5) MT21 < MT22 < MT23

(6) ur.31 < UT32 < -2-33

(7) Mr21 < Mr22 < Mr23 < Mr31 Mr32 < Mr33

From objective five it was hypothesized that an increased ex-

posure to FEHR would produce a monotonic increase in the perceived

relevance of research as measured by the MR subscale (mean of all

importance ratings) from the SARES instrument at time two and a

similar monotonic increase in time three minus time two difference

scores (DR). It was also hypothesized that there woPld be a mono-

tonic increase in MR over both time periods. However, because of

166
152



the possible effects of testing, non-support of the last hypothesis
would not by itself constitute negative evidence. Summarized sym-
bolically by variable, the hypothesized relations were:

(8) W21 < W22 < W23

(9) M31 ` M32 M33
(10) W21 < W22 < W23 < RT31 < W32 < W33

From objective two it was hypothesized that an increased ex-
posure to FEHR would produce a monotonic increase in the quality
of proposals and dissertation as measured by the CP and CR score
patterns from the product rating sheet. The CP pattern for each

individual consisted of the scores on each of the sections commonly
assigned for proposals (IP, CF, M, GE), and the CR pattern con-
sisted of the scores on all sections commonly assigned for a final
report (IP, CF, M, RC, GE). Summarized symbolically by patterns,
the two hypothesized multivariate relations were:

(11)

(12)

.C1622 ` 723

t`IT
22 ` tR23

t1531

t1131

< tF32 < 733

< .n32 ` 'CR33

From objective three it was hypothesized tliat an increased ex-
posure to FEHR woLld produce a monotonic increase in the quality
of field study des'Ans-. Quality of design was operationally de-
fined by the method (M) scale from the product rating sheet. Sum-
marized symbolically, the hypothesized relation was:

(13) M22 < M23 g31 M*32 " 1433

Analytic Plan. The data analysis was conducted in two parts.

First the data from time two was analyzed to test the direct effects
of the experimental laboratory sessions, and then the data from both
times two and three was analyzed to test for pervasive overall trends.

Analyses of Semester One Scores 02.1. Four scales were ana-
lyzed at time two: FT, MC, MI, and MR. The FT scores which repre-
sented achievement were analyzed separately from the three scores
from the SARES instrument because of the different scales involved.
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In both analyses the scores on the first examination (FE) were used
as the covariate to correct for initial differences in statistical
ability. The monotonicity hypothesis was tested in

two planned tests on trends: a test of linear trend and a test of
non-linear (curvelinear) trend. All analyses were conducted by
computer using the fully dorumented Michigan Interactive Data Ana-
lysis System developed and tested by the Statistical Research Lab-
oratory at The University of Michigan. The steps followed in con-
ducting each analysis are specified below:

1. FT Scores. An analysis of covariance of the FT scores

stratified by exposure levels was conducted, followed by

orthogonal contrasts to test for linear and curvelinear

trends in means with increasing FEHR exposure.

2. SARES Scores. Only the three grand-mean scales (MC, MI,
and MR) were analyzed. The first step was to compute a

profile analysis to test whether the score profiles were
parallel for the three exposure groups.

Since neither a covariance analysis nor orthogonal

comparisons were available fn the profile analysis, the

three variables were entered into separate analyses of

covariance followed by orthogonal tests for linear and

non-1-;near trends.

3. Overall Analysis. Obviously, multivariate procedures were
most appropriate for analyzing.both the SARES scales and

the multiple dependent variables derived from the product
rating sheet (PRS). However, multivariate procedures for

analyzing repeated blocks of measures were not available.

Consequently we were forced to choose one of two alter-

native procedures. We could either analyze via a series

of univariate analyses of covariance, or we could ignore

the repeated measures aspect (from:time t640 to time three)

and conduct a multivariate analyses... Either procedure

coUld be followed by orthogonal tests for linear and non-
linear trends. According to our plan, the former pro-
cedure was to be used if the covariate correction for time
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two scores proved to be Ognificant (p > .05), and the

latter was to be used if it was not significant. Since

the r,ovariate did not significantly affect the results-

at time two, only multivariate procedures will be de-

scribed here.

Either of the analytic procedures outlined above lose

statistical poweryith small N's -- particularly the multi-

variate analyses. Consequently, it was deemed advantageous

to pool subgroups into larger units. Four groups were

formed on the basis of similar FEHR exposure: (1) no ex-

perience (021), (2) one first-semester experience (022 and

0
23

), (3) an intensive second-semester experience following

either no experience or a restricted experience during the

first semester (031a, 031b; 032), and (4) an intensive ex-

perience following an extensive first-semester experience

or two intensive second-semester experiences (0
33a'

0
33b'

0 0 0 ).
33c' 33d' 33e

It was recognized that in pooling the new C656 stu-

dents with groups (3) and (4) we were assuming that their

prior experience was at least equivalent to that of the

control group from C655. However, this did not seem an

untenable assumption.

The steps followed in analyzing ea:h variable are de-

scribed below:

SARES Scores. Since the MC, MI, and MR scores were

commensurable, the multivariate procedure of choice

was a profile analysis. As before, a profile analysis

in which the hypothesis of.parallel treatment profiles

was not rejected was followed by a univariate analysis

of the sum scores (MC + MI + MR) with planned orthog-

onal contrasts to test for linearity and for sys-

tematic differences between the control group and the

averaged experimental groups. Significant overall

tests were to be followed by three univariate analyses
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of covariance with orthogonal contrasts to test for

linear trend and for systematic differences between

control and experimental groups.

PRS Scores. The six scores which were derived from

elements of final reports which had been assigned to

all FEHR groups (IP, CF, M, RC, GE) were analyt:d by

a multivariate analysis of variance followed by orthog-

onal contrasts to test for linear and non-linear trends

for three variable combinations: (1) all variables

equally weighted, (2) equal weights on the variables

common to both proposals and final reports (IP, CF,

M, GE), and (3) unit weight on the method variable

but zero weight on the remaining variables. These

contrasts constitute tests within the multivariate

model of the last three hypotheses.

Results

The results are presented in two sections, as specified above.

First we will analyze time two data to determine the'short term

effects of FEHR, and second we will analyze data over the entire

experiment. Within each'section, results are presented in order

of the hypothesei; with which they are associated.

Results for 0
2.

Analysis. The time two results are organized

into two parts: a univariate .91alysis ot covariance (ANCOVA) of

the FT scores, and a multivariate analysis of the SARES scores.

1. ANCOVA of FT. The summary of the analysis of covariance

of the FT scores appears in table 4.1. It was observed

that both the original means and the adjusted means in-

creased monotomically with increased exposure to FEHR,

although the differences among adjusted means were some-

what smaller. The test for a linear trend among the ad-

justed means was quite significant.(p = .0228), but the

test for a non-lineartrend was not (p = .1458). The

results were interpreted as unequivocal support for the

hypothesized monotonic increase in achievement with in-

creasing exposure to FEHR.
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TABLE 4.1, ANALYSIS OF COVARIANCE OF FT SCORES
USING El AS COVARIATE

Source

Equality of
Adj. Cell Means

Zero Slope
Error

Equality of Means

(W/0 Covariates)
Error

SUM OF MEAN
DF SQUARES SQUARE F-STAT. SIGNIF.

2 1672.7 836.36
1 2639.5 2639.5

49 5979.3 122.03

2 2330.3 1165.2
50 8618.8 172.38

6.854
21.631

6.759

.002

.000

.002

TABLE OF COEFFICIENTS

Covariate

El

COEFF. STD. ERROR T-STAT. SICNIF.

1.103 .237 4.650 .000

TABLE OF MEANS

Exposure Level (1) (2) (3)

Mean 56.600 68.545 73.333
Adj. Mean 57.470 68.600 69.508
(Std. Error) 2.217 2.355 4.584
Intercept 16.775 27.906 28.814
Sample Size 25 22 6

COMPARISON VALUE
TESTED OBSERVED T -STAT. SIGNIF.

Linear Trend 12.039 2.350 .022
Curvelinear Trend -10.223 -1.478 .145
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2. Profile Analysis of SARES Scales. The results of the pro-
file analysis of the MC, MI, .md MR scales from the SARES
instrument appear in table 4.2. It was,observed_that the
means of the MC scores were in the predicted order of mon-
otonic increase, but that group 1 sCored higher than
group 2 on both the MI and MR scales. The differences
in group profiles were not found to be significant (p > .05
but there were significant differences among the means of
variables averaged over groups (gr; = 3.0154, 19fr = 3.6298,
and lcfk = 3.6181), and significant differences among groups
averaged over variables (U= 3.3789, L4-7= 3.0810, and
tra- = 3.8034).

For reasons ciescribed previously, the effects of vari-
ables within the profile analysis were tested by separate
univariate ANCOVA's of each variable. The results of these
analyses appear in tables 4.3, 4.4, and 4.5. It was ob-
served that there was a significant linear trend for and
no curvelinear trend for MC scoret, .but that for both MI
and MR scores the non-linear trend was not significant. Put
another way, the group 2 mean was significantly lower than the
average of the group 1 and 3 means for both these variables.
Although the observed value of the group 2 Mean was lower
than the group 1 mean for both scales, neither of these
differences was statistically significant (p > .10).

Results of Overall Analysis (Observation Times 2 and 3). The

analysis of overall results is organized in two parts. First a pro-
file analysis of the mean competency (MC), mean interest (MI), and
mean releviincy (MR) scores derived from the Self Assessment of Re-

-:- search and Evaluation Skills (SARES) instrument was conducted.
Second, a multiple analysis of variance (MANOVA) of the scales de-
rived from part B of the product rating sheet was conducted. Since
a fc,..41 review of the research, a budget,"and a logistical plan
were explicitly excluded from some of the FEHR assignments, the RC
and LG scores were excluded from analysis. The scores analyzed
were: IP (introduction and problem statement), CF (conceptual frame-
work or theory), M (method), RC (results and conclusions), and GE
(general evaluation). 172
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TABLE 4.2. PROFILE ANALYSIS OF SARES SCORES AT TIME 2

TABLE OF MEANS

--Variable
Variable Group 1 Group 2 GrouP 3 Means

MC 2.783 2.793 3.469 3.015
MI 3.684 3.301 3.903 3.629MR 3.669 3.148 4.037 3.618

Group Means 3.378 3.081 3.803 3.421

MC

=c
=*" MR

CONTR

DISPLAY OF PROFILES

P4PSIVE
EX

REsTk
FEH14-;IcrED

2.75 3.00 3.25 3.50 3.75 4.00

MEAN SCORE

PROFILE.ANALYSIS

Tests on Groups T-SOARE F-STAT. DF SIGNIF.
Parallelism of Profiles Max. Root= .096 2,-.5,23.5 NS@.05
Equality of Variable Means 61.029 29.904 2 ,49 .000
No Group Difference3 3.641 2 ,50 .033
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TABLE 4.3. ANALYSIS OF COVARIANCE OF MC WITH El AS COVARIATE

Source

Equality of

DF
SUM OF MEAN
SQUARES SQUARE F-STAT. SIGNIF.

Adj. Cell Means 2 2.976 1.488 3.973 .025
Zero Slope 1 .901 .901 2.405 .127
Error 49 18.354 .374

Equality of Means
(w/o Covariates) 2 2.476 1.236 3.210 .048

Error 50 19.255 .385

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR SIGNIF.

El -.020 .013 -1.551 .127

TABLE OF MEANS

Exposure Level (1) (2) (3)

Mean 2.783 2.793 3.469
Adj. Mean 2.767 2.792 3.540
(Std. Error) .122 .130 .253
Intercept 3.519 3.544 4.292
Sample Size 25 22 6

COMPARISON VALUE
TESTED OBSERVED 1-STAT. SIGNIF.

Linear Trend .772 2.723 .008
Curvelinear Trend .723 1.887 .065



TABLE 4.4. ANALYSIS OF COVARIANCE OF MI WITH El AS COVARIATE

Source

Equality of

SUM OF MEAN
OF squAREs SOUARE F-STAT. SIGNIF.

.

Adj. Cell Means 2 2.636 1.318 2.864 .066
Zero Slope 1 .763 .763 1.659 .203
Error 49 22.545 .460

Equality of Means
(w/o Covariates) 2 2.852 1.426 3.059 .055

Error 50 23.308 .466

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

El .018 .014 1.288 .203

TABLE OF MEANS

Exposure Level (1) (2) (3)

Mean 3.684 3.301 3.968
Adj. Mean 3.699 3.302 3.903
(Std. Error) .136 .144 .281
Intercept 3,006 2.610 3.211
Sample Size 25 22 6

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .204 .649 .518
Curvelinear Trend .996 2.347 .023



TABLE 4.5. ANALYSIS OF COVARIANCE OF MR WITH El AS COVARIATE

SUM OF MEAN
Source DF SQUARES SQUARE FTSTAT: SIGNIF.

Equality of
Adj. Cell Means 2 4.856 2.428 3.177 .050

Zero Slope 1 .892 .892 1.167 .285
Error 49 37.445 .764

Equality of Means
(w/o Covariates) 2 5.172 -2-.586 3.373 .042

Error 50 38.338 .766

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

El .020 .018 1.080 .285

TABLE OF .MEANS

Exposure Level (1) (2) (3)

Mean 3.669 3.148 4.037
Adj, Mean 3.685 3.149 3.966
(Std. Error) .175 .186 .362
Intercept 2.936 2.400 3.218
Sample Size 25 22 6

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .281 .694 .490
Curvelinear Trend 1.354 2.474 .016

pli 6
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The results of the two analyses are presented in the order

mentioned.

1. Profile Analysis. The results of the profile analysis of

the MC, MI, and MR scores appears in table 4.6. The pro-

files of the four groups formed by pooling students with

similar laboratory experience were compared. Group 1 had

no FEHR experience, group 2 had one first-term experience,

group 3 had one intensive second-term experience, and

group 4 had two or more intensive experiences in the two-

term interval.

It was observed that the group means for the MC scores

increased in the order 1 2 3 4, and the MI scores in the

order 2 1 3 4, and the MR scores in the order 2 3 1 4.

Since there was a significant departure from parallel pro-

files, analyses of variance with planned tests for linear

and curvelinear trends were conducted separately for each

variable. The results of these analyses appear in tables

4.,7, 4.8, and 4.9. It was observed that there was both

significant linearity and curvelinearity for the MC scores

(the latter being due to the 3-4 reversal). However, post-

hoc comparisons failed to produce significant differences

between the MC means for groups 3 and 4 (p = .5395), the

MI means of groups 1 and2 (p = .1774), the MRmeans for

groups 1 and 2, or 1 and 3 (p = .1413 and .8270 respec-

tively). For the MI and MR scores, there was not signif-

icant linearity but there was significant curvelineerity.

2. MANOVA of PRS Scales. The IP, CF, M, RC, and GE scales

were analyzed by multivariate analysis of variance. The

first step was to determine whether the new C656 students

could leg'i.imately be pooled with groups 3 and 4. To

answer this question, a multivariate analysis of variance

wds run to compare the scores of groups 2, 3, and 4 from

the original C655 students (group 1 did not appear because

the control groups completed no projects) with those of

new subjects in groups 5 and 6. The results of the MANOVA

appear in table 4.10.
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TABLE 4.6. PROFILE ANALYSIS OF SARES SCORES FOR GROUPS POOLED
OVER TIMES 2 AND 3

TABLE OF MEANS

Variable Group 1 Group 2. Group 3, Group 4

MC 2.783 2.962 3.277 3.157
MI 3.684 3.439 3.826 4.180
MR 3.669 3.325 3.620 4.066

Group Means 3.378 3.242 3.574 3.801

Variable
Means

3.045
3.782
3.670

3.499

MC

MI

MR

GRAPHICAL DISPLAY OF PROFILES

+ +. + + +
2.75 3.00 3.25 3.50 3.75 4.00

MEAN SCORE

PROFILE ANALYSIS

Tests on Groups T-SQUARE F-STAT. DF

Parallelism of Profiles Max. Root= .139 2,0.,46.5
Equality of Variable Means 127.48 63.074 2 ,95
No Group Differences 3.321 3 ,95

SIGNIF.

.023

.000

.023
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TABLE 4.7. UNIVARIATE ANALYSIS OF VARIANCE OF MC

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Between 3 3.787 1.262 3.006 .034
Within 96 40.315 .419
Total 99 44.103

Equality of Variances: OF = 3,14778. F . .175 Signif. = .912

EXPOSURE LEVEL N MEAN VARLAXCE STD. DEV.

1 25 2.783 .417 .646
2 27 2.962 .420 .648_
3 31 3.277 .465 .682
4 17 3.157 .335 .579

COMPARISON VALUE
TESTED OBSErVLD T-STAT. SIGNIF.

Linear Trend 1.047
Curvelinear Trend 1.437

2.313
2.265

.022

.025
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TABLE 4.8. UNIVARIATE ANALYSIS OF VARIANCE OF MI

SUM OF MEAN
Source DF SQUARES SQUARE F-STAL SIGNIF.

Between 3 6.044 2.014 4.781 .003
Within 96 40.456 .421
Total 99 46.501

Equality of Variances: DF = 3,14778. F = 1.565 Signif. = .195

EXPOSURE LEVEL N MEAN VARIANCE STD. DEV.

1 25 3.684 .505 .711
2 27 3.439 .509 .713
3 31 3.826 .399 .632
4 17 4.180 .193 .439

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .393 .867 .387
Curvelinear Trend 1.876 2.951 .004
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Source

TABLE 4.9. UNIVARIATE ANALYSIS 'OF 'VARIANCE OF 'MR

SUM OF MEAN
DF SQUARES SQUARE F-S T . SIGNIF .

Between 3 5.773 1.924 2.766 .046
Wi thin 96 66.795 .695
Total 99 72.568

Equal i ty of Vari ances : OF = 3.14778. F = .994 Si gni f . = .394

EXPOSURE LEVEL N MEAN VARIANCE STD. DEV.

1 25 3.669 .876 .936
2 27 3.325 .803 .896
3 31 3.620 .606 .778
4 17 4.066 .416 .645

COMPARISON VALUE
TESTED OBSERVED T-STAT . SIGNIF .

L i near Trend .004 .007 .994
C urvel inel.' Trend 1.485 1.818 .072
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TABLE 4.10. RESULTS OF THE MULTIVARIATE COMPARISONS OF PRODUCT RATINGS
FOR ORIGINAL C655-C656 AND NEW C656 SUBJECT GROUPINGS

MULTIVARIATE ONE-WAY ANALYSIS OF VARIANCE: OVERALL TEST

Equality of Group Means: DF = 20,269.60 F = 3.599 SIGNIF. = .000

Alt. Test of Equality of Croup Means: Max. Root = .586 SIGNIF. = .000

TABLE OF MEANS

Group
FEHR Exp.

Original C655-C656 Subjects New C656 Subjects

(2)

One: C655
(3)

One: C656
(4)

Two: C656
(5)

One: C656
(6)

Two: C656

IP 9.909 11.032 13.118 10.364 13.444
CF 8.590 9.354 10.176 8.181 12.778

24.364 28.323 28.529 26.818 27.889
RC 23.636 26.258 30.294 28.909 27.556
GE 8.454 12.387 14.529 10.364 13.556

Sample Size 22 31 17 11 9

PAIRWISE ANALYSIS WITH UNIT WEIGHT ON ALL VARIABLES

OBSERVED CRITICAL VAL UES

COMPARISONS VALUE SIG. = .05 SIG. = .01

Group 2 vs. Group 3 -12.400 20.098 22.634
Group 2 vs. Group 4 -21.693 23.281 26.219
Group 2 vs. Group 5 - 9.681 26.623 29.983
Group 2 vs. Group 6 -20.268 28.527 32.127

Group 3 vs. Group 4 - 9.292 21.758 24.504
Group 3 vs. Group 5 2.718 25.302 28.495
Group 3 vs. Group 6 - 7.867 27.299 30.743

Group 4 vs. Group 5 12.011 27.898 31.418
Group 4 vs. Group 6 1.424 F.720 33.470

Group 5 vs. Group 6 10.586 36.494
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TABLE 4.11. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE
OF PRODUCT RATINGS FOR POOLED GROUPS

Equality of Group Means: DF = 10,166.00 F = 5.725 SIGNIF. = .000

Alt. Test of Equality of Group Means: Max. Root = .528 SIGNIF. = .000

TABLE OF MEANS

Exposure Level (2) (3) (4)

IP 9.909 10.857 13.231
CF 8.590 9.047 11.077
IA 24.364 27.929 28.308
RC 23.636 26.952 29.346
GE 8.454 11.857 14.192

Sample Size 22 42 26

Analysis Of Trends For Tie Final Report Combination: Unit Weight On
Each Variable

COMPARISON OBSERVED CRITICAL VALUES

TESTED VALUE SIG. = .05 SIG. = .01

Linear Trend 21.199 17.589 20.275
Curvelinear Trend - 2.177 25.699 29.624

Analysis Of irends For The Proposal Combination:
Variables But RC, Which Was Given Zero Weight

COMMRISON OBSERVED
TESTED MAE

Unit Weight On All

CRITICAL VALUES

SIG. = .05 SIG. = .01

Linear Trend 15.490 12.107: 13.956
Curvelinear Trend - 1.255 17.691 20.392

Linear Trend Comparison By Variable

IP 3.31 2.559 2.950
CF 2.486 5.101 5.880

3.944 5.018 5.785
RC 5.709 7.948 9.162
GE 5.737 3.570 4.115

Curvelinear Trend Comparisaijalariljga

IP 1.425 3.739 4.310
CF 1.572 7.464 . 8.592

- 3.185 7.333 8.453
RC - .922 11.614 13.387
GE - 1.067 5.217 6.013
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It was observed that the prospective pooling pairs

(groups 3 and 5 and groups 4 and 6) were quite simile .

With unit weights on each of the five variables the ob-
,,

served value of T6 for each of these comparisons was less

than one-tenth the critical value for significance at the

.05 level. It was concluded that the new students in

groups 5 and 6 could legitimately be pooled with groups 3

and 4 respec/:vely.

The 1114,,' .iate analysis of variance of the product

ratings for th4 pooled subject groupings appears in table 4.11.

It was observed that for all variables there was a uniform

increase in the mean with an increase in FEHR experience.

Subsequent tests for.linear and curvelinear trends were

performed for a final report combination using unit weights

on all variables ano a proposal combination which used unit

weights for all probcr.al variables (i,e., IP, CF, M, and GE)

and zero weights for all other variables. In addition,

tests for trend were run on each marginal; that is, for

each variable separately. It was observed that the linear

tests reached significance for the IP and GE variable!i,

and yielded substantial positive values fci- all other vari-
2

ables. The T- values for curvelinear tests were geue,:--ally

smaller, and all were non-significant, It was concluded

that there was a uniform linear increase in all five pro-

ject rating scores with increased exposure to FEHR-PRACTICUM.

Su01212_21:Experimental Evaluation Results

ihe data from the experimental evaluation uniformly supported

the kipothesized menotonic increase with increased FEHR experience

for achievement (FE scores), and project ratings (IP, CF, M,RC, and

GE scores. The results for perceived achievement agreed with this

pattern except for a small but insignificant decrease from exposure

level 3 to level 4.

A curvelinear relationship was found :for both interest in re-

search (MI scores), and the oerceived relw/ance r-.A importance of

research (MR scores). For these scores (MI and MR), a short or
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restricted exposure tended to produce somewhat less interest than
the control condition. But with increased exposure the scores
equalled, then exceeded those of the controls. Although the patterns
were similar, this tendency was considerably stronger for interest

(MI) than for relevancy (MR) scores.

STUDY TWO: FIELD TRIALS

The data from the experimental evaluation (study one) pre-

sented previously was merged with data from the field trials at the

University of Michigan-Flint College, Indiana University, Michigan

State University, Ohio 5.tate University, and Western Michigan Uni-

versity to form the data base for study two.

Purpose. The specific purpose of study two was to determine

whether the monotonic increases in achievemeat and interest which

were-f6Und in the relatively controlled conditions of the experi-

mental evaluation could be generalized to sites other than the Uni-

versity of Michigan and for purposes other than the "stat-labm role

investigated in study one. In particular, we wished to answer these

critical questions:

(1) Is there a systematic relationship between the degree of

exposure to FEHR and the following: (a) project quality,

(b) perceived achievement, and (c) attitude towards research?

(2) Are all problers equally effective?

(3) How do the three class types (general research methods,

research methods for specialized content, and in-service

workshops) compare in terns of project quality, perceived

achievement, and research attitude?

(4) Is FEHR more effective for teaching general research methods

when it is integrated into course content than when it is

_used as an independent laboraivry experience.

Method

Subjects. The subjects. for the field evaluation consisted of

students from all twenty Ciaes described in the general description

at the beginning of chapter IV. For purpose of this overall eval-

uation there was no random sampling: all classes were sampled as

135
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intact groups. It was assumed that these classes were rehsonably

representative of both full-time and part-time (in service) students

in graduate education.

Treatments. The treatments to be compared consisted of the

four classroom classification dimensions listed under treatments in

figure 4.9. The full title for each dimension is listed below in

order of tabular appearance, with the keyword from the table heading

underlined: (1) degree of exposure to FEHR, (2) problem content,

-(3) type of class, and (4) degree of integration between class con-

'tent and the FEHR project assigned. Detailed descriptions of each

class and the rationale behind each classification system were given

in the subjects section at the beginning of chapter IV. A brie

summary of each trea..ment classification is provided in context with

the design.

Design. The four-treatment dimensions were the only factors

to be studied in the field evaluation of FEHR. The f.,,:tors and the

number of levels in each were: exposure, with five 1..-vels; problem,

with eight levels; type, with three levels; and integration, with

two levels. Obviously, the 240 cells neede,. for a complete fac-

torial design were beyond the scope of the study. Because of the

breadth of choice required by off-campus users as a-Condition of

participation, even a balanced incomplete-blocks design became im-

possible. The alternative strategy was to treat each dimension as

a separate intact-groups experiment, and attempt to control statis-

tically for varhtions attributable to the other factors was also

rejected. Because of many empty datum cells, it was impossible to

use analysis of covariance for this .purpose.

As a result of these restrictions, the following compromise

strategy was developed. Wherever there was sufficient redundancy

to permit it, the evaluation of a factor would be conducted at a

single level of the other factors. The means from these single

level evaluations could then be used as covariates in the analysis

of factors for which single level evaluation was not possible. Since

this strategy, in effect, creates four different designs & h neces-

sitating a different analytic plan, the remainder of this sectiou is
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organized by factors. For each factor we will present: (1) a brief

description of the various levels of the factor, (2) a summary of

the data to be analyzed, (3) specific hypotheses, (4) an analytic

plan, (5) the results of the analysis, and (6) a brief summary state-

ment.

Factor One: Exposure Level

Description. The degree of c,posure in figure 4.9 combines the

complexity/difficulty (pattern of FEHR tasks assigned) with the num-

ber of expOsures, and the total duration of exposures to form pooled

groups similar to those used in the experimental evaluation. However,

in this study there were two control groups: subjects who had no

training in research design and statistics, and subjects who had

taken a statistics course other than those involved in FEHR. The

five exposure levels, in ascending order of experience with FEHR

were:

(1) Subjects in this level had no experience with FEHR or a

research design/statistics course.

, Subjects in this level had no experience with FEHR, but

at least one experience in a research'design/statistics

course which was not associated with FEHR or members of

the FEHR-PRACTICUM project.

Subjects in this level had experienced a one-semester FEHR

project -- usually somewhat restricted. It frequently re-

quired a proposal, but usually without a budget or funds

negotiations. A final report was required. It usually

consisted of a problem:Statement, a simplistic conceptual

framework, a fairly complete method section, a summary of

results and conclusions, and a recommended decision with

supporting rationale. Subjects from the restricted level

of the experimental evaluation study were classified in

this level for purposes of the field cudy. Most subjects

in this level had no prior statistical training.

(4) Subjects in this level had experienced a one-semester in-

tensive FEHR project requiring both a formal proposal and

a final report. Both documents were comprehensive in

( 3)
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coverage, but there was a limited review of the literature

section -- usvally only the studies provided in the in-

formation bank were assigned. It is noteworthy, however,

that rne students in these classes went well beyond the

requirements, and one or two completed very comprehensive

reviews. Both the extensive and intensive treatment levels

from the experimental evaluation study were included in

this level of the field evaluation. About half of the sub-

jects in this level had one semester of prior .cistical

training.

(5) Subjects in this level had experienced either two or more

FEHR projects, usually (but not always) over a two-semester

period, or else one fully integrated FEHR project at the

first-semester level (i.e., to statistical novices). The

only fully integrated projects in the study occurred in

the C655 class conducted during the fall semester 1973 at

the University of Michigan. For subjects completing two

projects, at least one must hay- been conductod at the in-

tensive level. Subjects from the extensive/intensive level

of the experimental evaluation were included in this level

of the field study. About half the subjects at this level

had one semester of prior statistical training, and half

had no prior training.

Data Matrix. The data sets to be analyzed across exposure groups

are summarized in figure 4.10. A key to the meaning of each symbol

appears in the bottom cell of the figure.

Missing data sets occurred wherever the measures were undefined

for the group concerned. Obviously, proposals were not available

for control subjects with no research experience (group 1). However,

proposals were available for the small subset of the experienced

controls (group 2) who had written a dissertation proposal. On the

other hand, final reports were-not available in either control group.

Similarly, the GA ratings for groups 1 and 2 are missing because the

goals being rated were irrelevant for the control classes.

13 f)
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Hypotheses. The hypotheses to be tested are listed in order

of the variable listing from left to right in figure 4.10.

(1) P2 ` P3 ` P4 ` P5

(2) F3 < F4 < r5

(3) GA3 < GA4 < GA5

(4) I < 12 < 13 < 14 < 15

(5) D1 < D2 < D3 < D4 < D5

A brief summary statement which attempts to integrate and/or

reconcile the multivariate and univariate results is provided for

each variable set.

Results for Project Report Variables. The results of the multi-

variate analysis of variance of the proposal variables appear in

table 4.12. It was observed that the linear trend was significant

for the entire variable set and for each of the individual variables

except IP, and even there the observed contrast value was very near

to the critical value at the .05 level of significance.

The results of the univar".ate analyses of covariance for each

variable individually appear in tables 4.13 to 4.16. It was observed

that a linear trend was maintained for each variable except the M

ratings, in which the adjusted mean level 4 mean was slightly higher

than that of level 5.

The analysis of covariance for the PC ratings appears in table 4.17.

A significant linear trend was observed, and a non-significant curve-

linear trend. The analysis of covariance for the PC scores appears

in table 4.18. Again, a highly significant linear trend (p = .004)

and a non-significant curvelin:ar trend were observed. The pattern

of mean scores for the composite final report ratings was entirely

consistent with the pattern for proposal ratings.

It was concluded that the overall pattern of results supported

the hypothesis there was a monotonic increase in proposal ratings

with increased exposure to FEHR. The results also indicate tftiA

subjects given two or more e'xposures to FEHR obtained proposal ratings

which were at least as high as the ratings of the dissertation pro-

posals in control group 2. 191
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TABLE'4.12. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE
OF PROPOSAL RATINGS STRATIFIED BY EXPOSURE LEVEL

Equality of Group Means: DF = 12,547.96 F = 5.510 SIGNIF. = .000

Alt. Test of Equality of Group Means: Max, Root = .251 SIGNIF. = .000

TABLE OF MEANS

Exposure Level (2) (3) (4) (5)

IP 14.667 11.600 11.119 13.226
CF 11.778 6.745 8.976 14.962
M 14.778 24.191 26.000 30.755
GE 10.667 10.618 10.810 13.962

Sample Size 9 110 42 53

CRITICAL VALUESOBSERVED
VALUE SIG. = .05 SIG. = .01

Comparisons For The Entire Set With Unit Weights On Each Variable

Control vs. Experimental
(Level 2 vs. 3, 4, & 5) 2).298 60.906 69.265

Linear Trend
(Levels 3, 4, & 5) 17.751 9.930 11.293

r:urve1inear Trend
(Levels 3, 4, & 5) 14.251 20.845 23.706

Control vs. Experimental Comparison By Variable

IP - 8.054 12.638 14.373
CF - 2.649 22.608 25.711
ri 36.612 25.568 29.077
GE 3.390 16.779 19.082

Linear Trend Comparison By_yariable (Group 2 Omitted)

IP 1.62E 2.060 2.343
CF 6.216 3.686 4.192
ri 6.563 4.168 4.740
GE 3.344 2.735 3.111

Curvelinear Trend By Variable (Group 2 OmiLtecil_

IP 2.588
CF 5.755
M 2.945

2.961

4.325
7.737
8.750
5.742

4.919
8.799
9.951
6.530
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TABLE 4.13.. ANALYSIS OF COVARIANCE OF IP RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE, F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 105.96 52.982 5.469 .004

Zero Slope 2 44.241 22.120 2.283 .104
Error 200 1937.3 9.686

Equality of Means
(w/o Covariates) 2 174.59 87.294 8.898 .000

Error 200 1981.6 9.809

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .089 .044 1.991 .047
Integration Level .344 .506 .679 .497

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 11.614 11.119 13.435
Adj. Mean 11.680 11.196 13.276
(Std. Error) .311 .514 .429
Intercept 5.923 5.438 7.518
Sample.Size 101 42 62

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 1.595 2.958 .003
Curvelinear Trend 2.564 2.143 .033
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TABLE 4.14. ANALYSIS OF COVARIANCE OF CF RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 320.57 160.29 7.162 .001

Zero Slope 2 1765.1 882.54 39.435 .000
Error 200 4475.9 22.380

Equality of Means
(w/o Covariates) 2 1335.1 667.54 21.606 .000

Error 202 6241.0 30.896

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .205 .068 3.010 .002
Integration Level 6.313 .769 8.202 .000

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 8.930 8.976 14.500
Adj. Mean 9.375 11.128 12.317
(Std. Error) .473 .781 .652
Intercept -11.744 -9.991 -8.802
Sample Size 101 42 62

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 2.941 3.588 .000
Curvelinear Trend - .563 - .310 .756
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TABLE 4.15. ANALYSIS OF COVARIANCE OF M RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

Source

Equality of

SUM OF
DF SQUARES

MEAN
SQUARE F-STAT. SIGNIF.

Adj. Cell Means 2 478.57 239.29 6.327 .002
Zero Slope 2 2455.0 1227.5 32.459 .000
Error 200 7563.6 37.818

Equality of Means
(w/o Covariate3) 2 787.41 393.71 7.938 .000

Error 202 10019. 49.597

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .230 .088 2.601 .010

Integration Level 7.497 1.000 7.492 .000

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 23.921 26.000 28.435
Adj. Mean 24.442 28.563 25.850
(Std. Error) .615 1.016 .847

Intercept .136 4.256 1.544
Sample Size 101 42 62

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 1.408 1.321 .187
Curvelinear Trend -6.832 -2.890 .004
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TABLE 4.16. ANALYSIS OF COVARIANCE OF GE RATINGS STRATIFIED BY
EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

Source

Equality of

SUM OF
DF SQUARES

MEAN
SQUARE F-STAT. SIGNIF.

Adj. Cell Means 2 102.43 51.216 3.910 .021
Zero Slope 2 846.21 423.11 32.302 .000
Error 200 2619.7 13.098

Equality of Means
(w/o Covariates) 2 387.68 193.84 11.297 .000

Error 202 3465.9 17.158

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .325 .052 6.227 .000 .

Integration Level 2.813 .588 4.778 .000

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 10.386 10.810 13.484
Adj. Mean 10.710 11.647 12.389
(Std. Error) .362 .597 .498
Intercept -12.459 -11.521 -10.779
Sample Size 101 42 62

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 1.679 2.678 .008
Curvelinear Trend - .9 - .140 .888
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TABLE 4.17. ANALYSIS OF COVARIANCE OF THE PC RATINGS
STRATIFIED BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

Source
SUM OF

OF SQUARES
MEAN
SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 2527.5 1263.7 7.440 .000

Zero Slope 2 14975. 7487.5 44.082 .000
Error 200 33971. 169.85

Equality of Means
(w/0 Covariates) 2 9093.5 4546.7 18.764 .000

Error 202 48946. 242.31

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .851 .188 4.525 .000
Integration Level 16.968 2.120 8.001 .000

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 54.851 56.905 69.855
Adj. Mean 56.207 62.534 63.833
(Std. Error) 1.305 2.153 1.796
Intercept -18.144 -11.818 -10.519
Sample Size 101 42 62

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 7.625 3.376 .000
Curvelinear Trend -5.027 . -1.003 .316
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TABLE 4.18. ANALYSIS OF COVARIANCE OF THE FC RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 7914.7 3957.4 11.800 Aoo

Zero Slope 2 9312.5 4656.3 13.884 :000
Error 126 42256. 335.37

Equality of Means
(w/o Covariates) 2 7497.8 3748.9 9.305 .000

Error 128 51569. 402.88

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .682 .326 2.088 .038
Integration Level 15.730 4.907 3.205 .001

Exposure Level

Mean 73.747 84.220 98.545
Adj. Mean 72.933 86.725 95.052
(Std. Error) 2.071 2.900 5.734
Intercept .867 14_660 22.987
Sample Size 79 41 11

COMPARISON VALUE

TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 22.119 3.617 .000

Curvelinear Trend - 5.465 -. .641 .522
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Results for Goal Attainment. The results of the multivariate

analysis of variance of the goal attainment ratings are summarized

in table 4.19. It was observed that there was-no consistent linear

or curvelinear trends across goals. In the overall tests for the

entire variable set (with unit weights on each rating) both the linear

and the curvelinear contrasts yielded observed values well below the

critical value for significance at the .05 level. In addition,

neither of the marginal contrasts reached significance for any of

the goal attainment ratings.

Because there was neither a persistent pattern nor a significant

trend for any single variable, analyses of covariance of the attain-

ment ratings for the individual goals were not conducted; instead,

we went directly to an analysis of the mean attainment rating averaged

over the nine goals.

The analysis of covariance of the mean ratings appears in table 4.20.

It was observed that the mean ratings for level four subjects was

lower. than that for ei ther level three or five. Nevertheless , the

obserVed contrast value for linear trend was considerable (p = .0555).

The curvelinear trend was, of course, highly significant. Post hoc

comparisons of level three with the other two levels yielded insig-

nificant t ratios (p > .20). It was concluded that the results of

the GA analyses were inconclusive with respect to the hypothesized

monotonic increase in goal attainment with increased exposure to

FEHR: they neither support nor deny the hypothesis.

Results for Interest Variables. The results of the multivariate

analysis of variance of the interest ratings are summarized in table 4.21.

It was observed that there was a uniform increase in the observed

means of exposure levels two through five for interest ratings on

classical research methods (ICR), program evalUation (IPE), and

proposal writing (IPW). For the last variable -- the research prac-

ticum (IRP) -- there was an increase for levels three through five,

but level two was somewhat higher than level three. For classical

research and program evaluation, the mean for the control group with

no research experience (level 1) was higher than the mean for the

control 'group with some statistical training (level 2) and about the

199

185



TABLE 4.19. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE OF
THE GOAL ATTAINMENT RATINGS STRATIFIED BY EXPOSURE
LEVEL ICONTROL GROUPS EXCLUDED)

Equality of Group Means: DF = 18,106.00 F = 2.589 Sig. = .0013

Alt. Test of Equality of Group Means: Max. Root = .6508 Sig. = .0041

TABLE OF MEANS

Exposure Level (3) (4) (5)

Goal 1 4.075 3.513 4.100

Goal 2 3.530 3.222 3.944

Goal 3 3.651 3.444 4.177

Goal 4 3.560 3.305 4.177

Goal 5 3.818 3.083 4.100

Goal 6 3.530 3.805 4.033

Goal 7 3.424 3.416 3.955

Goal 8 3.765 3.277 4.077

Goal 9 3.878 3.666 4.216

Sample Size 22 12 30

Comparisons For The Entire Set

OBSERVED
VALUE

CRITICAL VALUES

SIG. = .05 SIG. = .01

With Unit Weights On Each Variable

Linear Trend 3.348 5.757 6.541

Curvelinear Trend 8.546 13.167 14.960

Linear Trend Com arison By Variable

Goal 1 .024 1.110 1.261

Goal 2 .414 1.081 1.229

Goal 3 .526 1.016 1.154

Goal 4 .617 1.122 1.275

Goal 5 .281 .966 1.098

Goal 6 .503 .972 1.105

Goal 7 .531 .970 1.103

Goal 8 .312 .895 1.017

Goal 9 .337 .915 1.040

Curvelinear Trend Comparison By Variable

Goal 1 1.148 2.538 2.884

Goal 2 1.030 2.474 2.811

Goal 3 .940 2.324 2.40
Goal 4 1.127 2.568 2.917

Goal 5 1.751 2.210 2.511

Goal 6 .047 2.224 2.527

Goal 7 .546 2.220 2.522

Goal 8 1.287 2.048 2.327

Goal 9 .762 2.094 2.379
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TABLE 4.20. ANALYSIS OF COVARIANCE OF THE ATTAINNa:. RATING
AVERAGED ClIER GGALS AND STRATIFIED BY E,POSURC
LEVEL (CONTROL GROUPS OMITTED)

Source
SUM OF MEAN

DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 .778 .389 5.025 .008

Zero Slope 2 .720 .360 4.651 .011

Error 113 8.755 .077

Equality of Mean-
(w/o Covariates) 2 2.082 1.041 12.635 .000

Error 115 9,476 .082

TABLE OF COEFFICIENTS

Covariate

Class Type
Integration Level

COEFF. STD. ERROR T-STAT. SIGNIF.

.847
- .010

.426

.122

TABLE OF MEANS

Exposure Level

Mean
Adj. Mean
(Std. Error)
Intercept
Sample Size

(3)

3.537
3.547
.045

.513

72

1.985
- .082

.049

.934

(4) (5)

3.389 3.793
3.368 3.779
.083 .087
.334 .745

12 34

COMPARISON
TESTED

Linear Trend
Curvelinear Trend

VALUE
OBSERVED T-STAT. SIGNIF.

.231 1.935 .055

.590 3.100 .002
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TABLE 4.21. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE
OF THE INTEREST RATINGS STRATIFIED BY EXPOSURE LEVEL

Equality of Group Means: DF = 16,645.25 F = 5.229 Sig. = .000

Alt. Test of Equality of Group Means: Max. Root = .189 Sig. = .000

TABLE OF MEANS

Exposure Level (1) (2) (3) (4) (5)

ICR 4.193 3.978 4.193 4.541 4.687

IPE_ 4.139 4.155 4.279 4.623 4.917

IPW 4.634 3.855 4.184 4.299 4.526

IRP 4.839 4.408 3.987 4.628 5.011

Sample Size 22 26 94 33 44

OBSERVED
VALUE

CRITICAL VALUES

SIG. . .05 SIG. = .01

Comparisons For The Entire Set With Unit Weights On Each Variable

Control vs, Experimental 5.142 14.034 15.745

Linear Trend 9.678 10.741 12.051

Curvelinear Trend .804 4.462 5.007

Control vs. Experimental Comparison By Variable

ICR 2.329 3.903 4.378

IPE 2.753 3.765 4.224

IPW .549 3.687 4.137

IRP - .490 4.767 5.349

Linear Trend Comparison By Variable

ICR 2.474 2.987 3.351

IPE 2.629 2.881 3.233

IPW 2.126 2.822 3.166-

IRP 2.448 3.649 4.094

Curvelinear Trend Comparison By Variable

ICR - .068 1.241 1.392

IPE .171 1.197 1.343

IPW - .101 1.172 1.315

IRP .803 1.516 1.701

202
188



same as the minimum FEHR group (level 3). On the other hand, the

mean ratings for proposal writing and research practicum for the no

experience group we...e higher than the mean ratings for the group

with maximum FEHR experience (level 5). Despite the relatively uni-

form pattern, none of the three planned contrasts (control vs. ex-

perimental, linearity within the experienced groups 2 to 5, or curve-

linearity Within,the experienced groups) was significant for the

entire set of variables with unit weight on each rating, or for the

marginal (variable-by-variable) comparisons. Nevertheless, con-

sistently high positive values were observed for the underlying monotonic

trend. Consequently, univariate analyses were computed for each

interest rating.

An analysis of covariance was computed for each interest rating

stratified by exposure (levels 3 to 5 only) and covaried on class

type and level of integration with course content. The results of

these analyses appear in tables 4.22 through 4.25. It was observed

that the linear comparison among adjusted means was highly signifi-

cant for all three variables, and the curvelinear comparison was not

significant. In addition, the analysis of covariance of the means

of the four interest ratings (table 4.26) produced a highly signifi-

cant linear trend (p = .004) but a nonsignificant curvelinear trend.

It was concluded that within the experimental groups (levels 3 to 5)

the overall trend of the results prn7ided clear support for the hy-

pothesized monotonic increase in interest with increased exposure to

FEHR. The meaning of the relationship between the control and ex-

perimental groupings is unclear on the basis of the interest ratings

by themselves.

Results for Difficulty Variables. The results of the mOti-

variate analysis of variance of the difficulty ratings appear in

table 4.27. It was observed that the pattern of difficulty means

was similar to the pattern for interest, but the linearity within

the experimental FEHR groups (levels 3 to 5) was not quite so con-

sistent. As compared to interest ratings, the observed contrast

values for the control/experimental comparison were slightly closer

to significance, and the linear comparisons slightly further from
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TABLE 4.22. ANALYSIS OF COVARIANCE OF THE ICR RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

Source

Equality of

SUM OF
DF SQUARES

MEAN
SQUARE F-STAT. SIGNIF.

Adj. Cell Means 2 6.979 3.489 4.691 .010

Zero Slope 2 18.296 9.147 12.298 .000

Error 166 123.47 .743

Equality of Means
(w/o Covariates) 2 8.276 4.138 4.904 .008

Error 168 141.77 .843

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type 1.150 .458 2.508 .013

Integration Level .258 .317 .813 .417

TABLE OF MEANS

Exposure Level (3)

Mean 4.193
Adj. Mean 4.172
(Std. Error) .114

Intercept -1.213
Sample Size 94 33 44

(4) (5)

4.541 4.687
4.693 4.618
.166 .241

- .692 - .767

COMPARISON VALUE

TESTED. OBSERVED T-STAT. SIGNIF.

Linear Trend .445 1.403 .162

Curvelinear Trend - .595 -1.368 .173
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TABLE 4.23. ANALYSIS OF COVARIANCE OF THE IPE RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Meahs 2 10.855 '5.427 7.882 .000

Zero Slope 2 13.258 6.628 9.627 .000
Error 166 114.30 .688

Equality of Means
(w/o Covariates) 2 12.742 6.370 8.390 .000

Error 168 127.55 .759

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type 1.464 .441 3.317 .001

Integration Level - .216 .305 - .708 .479

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 4.279 4.623 4.917
Adj. Mean 4.164 4.657 5.137
(Std. Error) .110 .160 .232
Intercept -1.969 -1.475 - .996
Sample Size 94 33 44

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .972 3.185 .001

Curvelinear Trend - .136 - .032 .974
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TADLE 4.24. ANALYSIS OF COVARIANCE OF THE IPW RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Aeans 2 2.054 3.669 .027

Zero Slope 2 .3C) 5.152 9.205 .000

Error 16L ' ' .559

Equality of Means
(w/o Covariates) 2 3.499 1.749 2.847 .060

Error 168 103.23 .614

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type 1.328 .398 3.337 .001

Integration Level - .230 .275 - .836 .404

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 4.184 4.299 4.526

Adj. Mean 4.075 4.320 4.744

(Std. Error) .099 .144 .209

Intercept -1.443 -1:198 - .773
Sample Size 94 33 44

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .669 2.432 .016

Curvelinear Trend .178 .473 .636
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TABLE 4.25. ANALYSIS OF COVARIANCE OF THE IRP RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 23.260 11.630 9.991 .000

Zero Slope 2 25.P43 12.922 11.101 .000

Error 166 193.2'2 ,64

Equality of Means
(w/o Covariates) 2 34.068 17.034 13.064 .000

Error 168 219.06 1.303

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type 1.645 .573 2.866 .004

Integration Level .076 .397 .192 .847

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 3.987 4.628 5.011

Adj. Mean 3.909 4.760 5.077

(Std. Error) .143 .208 .302

Intercept -3.404 -2.553 -2.237

Sample Size 94 33 44

COMPARISON VALUE

TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend 1.167 2.939 .003

Curvelinear Trend - .534 - .981 .327
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TABLE 4.26. ANALYSIS OF COVARIANCE OF THE MEAN OF ALL INTEREST
RATINGS

Source

Equality of

SUM OF
DF SQUARES

MEAN
SQUARE F-STAT. SIGNIF.

Adj. Cell Means 2 10.004 5.002 8.242 .000
Zero Slope 2 16.289 8.144 13.422 .000
Error 159 102.56 .606

Equality.of MeFw.
(w/o Covari, ,$) 12.953 6.476 9.318 .000

Error 118.85 .695

TABLE OF-COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type 1.401 .414 3.382 .000
Integration Level - .026 .286 - .092 .926

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 4.152 4.523 4.785
Adj. Mean 4.075 4.607 4,892
(Std. Error) .101 .149 .219

Intercept -2.029 -1.497 -1.212
Sample Size 97 33 44

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .817 2.853 .004
Curvelinear Trend - .246 - .628 .530
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TABLE 427. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE OF
THE DIFFICULTY RATINGS STRATIFIED BY EXPOSURE LEVEL

Equality of Group Means: DF = 16,639.14 F = 2.125 Sig. = .006

Alt. Test of Equality of Group Means: Max. Root = .091 Sig. = .036

TABLE OF MEANS

Exposure Level (1) (2) (3) (4) (5)

DC? 3.176 3.346 1.760 3.640 3.644

DPE 3.375 3.487 3.840 3.661 3.996

DPW 3.943 3.896 3.946 3.979 4.078
DRP 4.204 3.711 4.184 3.750 4.011

Sample Size 22 26 92 33 44

OBSERVED
VALUE

CRITICAL VALUES

SIG. = .05 SIG. = .01

Com arisons For The Entire Set With Unit We4:zhts On Each Variable

Control vs. Experimental 5.564 12..056 13.593

Linear Trend 3.168 9.224 10.401

Curvelinear Trend - .591 3.836 4.325

Con77r.c:1 vs. Experimental Comparison By Variilb ?.

DCR 2.520 1.400 3.934

DPE 2.406 3..994 4.503
DPW .492 3.559 4.012
DRP .144

_,-,--

4.332 4.884

Linear-Trend Comparison By Variable

DCR .775 2.602 2.934
DPE 1.347 3.056 3.446

DPW .581 2.723 3.070

DRP .464 3.315 3.737

Curvelinear Trend Comparison By Variable

DeR - .409 1.082 1.220

DFE - .018 1.271 1.433

DPi .048 1.132 1.276

DRT, - .211 1.378 1.554
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significance. But again none of the contrasts within the multivariate

model reached significance.

The results of the analyses of covariance of the difficulty scores

stratified by exposure level within the FEHR experimental groups are

summarized in tables 4.28 through 4.31. For both difficulty ratings

for classical research methods (DCR) and program evaluation (DPE),

the covariates have considerably altered the picture. The adjusted

means now decrease as experience increases, but the change is not

significant in either case. The adjusted difficulty ratings means

for proposal writing (DPW) showed a slight but insignificant increase.

The adjusted diff-,,ulty ratings for the research practicum (DRP) on

the other hand yielded a significant curvelinear trend. However the

analysis of covariance did not yield significant linear or curvelinear

contrasts.

It was concluded that the overall pattern of evidence neither

suppomed ;or 6.1,,^ied the hypothesized monotonic relationships between

perceik_, diff=ft:ulty and-increased exposure to FEHR.

Factor :77dblem Content Areas.

D.-.crta,..=ar. Eight different problems were tested in the field

study. alre these were described fully in earlier chapters of this

report, mr71 the titles are reproduced here. The problems field

tested 104"E=

(1 Me msrceptual Education Problem (PEP)

(.1 The Remedial Arithmetic Problem (REMAR)

(3) The Extended School Year Problem (EXTSY)

(4, 171-re. Early Childhood Education 'iroblem (HEADSTART:

(5) 'he ,z,eading Assessment Problem 'READ)

(E' -The Validation of a Teacher Rat-ing Questionnaire
m-ob1em (TQUEST)

(7 7te 7%emedial Mathematics for Adults Problem (RMA)

(8) -Ole Busing to Achieve Integration Problem (BUS)

Datz. MatrTx. The data to be analyzed across problems is similar

to that uaed for the exposure contrasts. However, when the data is

stratifiec by problem, a number of empty cells occur -- largely be-

cause we were unable to administer the ORS and Goal Assessment
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TABLE 4.28. ANALYSIS OF COVARIANCE OF THE DCR RATINGS STRATIFIED
BY EXPOSURE LEVEL_(CONTROL GROUPS OMITTED)

Source

Equality of

SUM OF
DF sotpAREs

MEAN
SQUARE F-STAT. SIGNIF.

Adj. Cell Means 2 .716 .358 .730 .483

Zero Slope 2 7.657 3.828 7.799 .000

Error 164 80.511 .490

Equality of Means
(w/o Covariates) 2 .577 .288 .543 .581

Error 166 88.169 .531

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .692 .532 1.299 .195

Integration Level .360 .266 1.350 .178

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 3.760 3.640 3.644
Adj. Mean 3.793 3.776 3.472
(Std. Error) .095 .135 .201

Intercept .625 .608 .304

Sample Size 92 33 44

COMPARISON VALUE

TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend - .320 -1.204 .230

Curvelinear Trend - .287 - .804 .422

2ii
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TABLE 4. 29. ANALYSIS OF COVARIANCE OF THE DPE RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 .517 .258 .354 .701

Zero Slope 2 5.295 2.647 3.631 .028

Error 164 119.57 .729

Equality of Means
(w/o Covariates) 2 2.124 1.062 1.412 .246

Error 166 124.86 .752

TABLE OF COEFFICIENTS

Covartate COEFF. STD. ERROR T-STAT. SIGNIF.

Class-Type .084 .648 .130 .896

Integration Level .520 .325 1.600 .111

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 3.840 3,661 3.996
Adj. Mean 3.924 3.815 3.705
(Std. Error) .116 .165 .245

Intercept 2.908 2.799 2.689

Sample Size 92 33 44

COMPARISON VALUE
TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend - .219 - .675 .500

Curvelinear Trend - .001 - .003 .997
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TABLE 4.30. ANALYSIS OF COVARIANCE OF THE DPW RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

Source

Equality of
Adj. Cell Means

Zero Slope
Error

Equality of Means
(w/o Covariates)

Error

SUM OF MEAN
DF SQUARES SQUARE F-STAT. SIGNIF.

2 .485 .242
2 5.740 2.870

164 82.011 .500

2 .522 .261

166 87.752 .528

.485

5.739

.494

.616

.003

.610

TABLE. OF COEFFICIENTS

Covariate CDEFF. STD. ERROR T-STAT. SIGNIF.

Cla.s.a Type 1.007 .537 1.873 .062

:ntegration Level .089. .269 .332 .739

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 3.946 3.979 4.078

Adj. Mean 3.922 4.052 4.075

(Std. Error) .096 .137 .203

Intercept .113 .017 .039

Sample Size 92 33 44

COMPARISON VALUE

TESTED OBSERVED T-STAT. SIGNIF.

Linear Tnend .153 .569 .569

Curvelinear Trend - .108 - .300 .764
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TABLE 4.31. ANALYSIS OF COVARIANCE OF THE DRP RATINGS STRATIFIED
BY EXPOSURE LEVEL (CONTROL GROUPS OMITTED)

Source

Equality of
Adj. Cell Means

Zero Slope
Error

Equality of Means
(w/o Covariates)

Error

SUM OF MEAN
DF SQUARES SQUARE .iTAT.

2.410
2.296

2.406

,i6NIF.

,
L. 4.639 2.319
2 4.420 2.210

164 157.81 . .962

2 4.7G3 2.351

166 162.23 .977

.092

.103

.093

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type 1.575 .745 2.112 .036

Integration Level - .526 .373 -1.409 .160

TABLE OF MEANS

Exposure Level (3). (4) . (5)

Mean 4.184 3.750 4.011

Adj. Mean 4.035 3.671 4.383

(Std. Error) .134 .190 .281

Intercept -1.397 -1.761 -1.049

Sample Size 92 33 44

COMPARISON VALUE

TESTED OBSERVED T-STAT. SIGNIF.

Linear Trend .348 .934 .351

Curvelinear Trend 1.075 2.150 .033
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TABLE 4.32. ANALYSIS OF COVARIANCE-OF Mr. MEAN OF ALL DIFFICULTY
RATYw.lc

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 2 .189 .094 .227 .797

Zero Slope 2 4.516 2.258 5.409 .005

Error 164 68.456 .417

Equality of Means
(w/o Covariates) 2 .814 .407 .926 .398

Error 166 72.972 .439

TABLE OF COEFFICIENTS

Coyariate COEFF. STD. ERROR T-STAT. SIGNIF.

Class Type .839 .490 1.710 .089

Integration Level .110 .245 .451 .652

TABLE OF MEANS

Exposure Level (3) (4) (5)

Mean 3.933 3.757 3.932

Adj. Mean 3.918 3.829 3.909

(Std. Error) .088 .125 .185

Intercept .505 .416 .496

Sample Size 92 33 44

COMPARISON VALUE
TESTED 'OBSERVED T-STAT. SIGNIF.

Linear Trend - .009 - .038 .969

Curvelinear Trend .169 .514 .607
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questionnaires at every site. For this reason the questionnaire

data was pooled before analysis. The specific procedure used and

the rationale on which it is based are presented under the analysis

heading.

The overall data structure appears in figure 4.11. For purposes

of problem comparison, only changes in the general interest rating

or difficulty ratings were considered relevant. Consequently, the

I and D sets for this factor each consist of one score per person:

the mean rating for the set concerned.

Hypotheses. There were no a priori hypotheses for this dimension.

Rather, we planned a series of post hoc comparisons to determine

whether there were significant differences in overall effectiveness

among problems. Overall effectiveness in this context was defined

as the composite score for each variable set. As before, the com-

posite score for the proposal and final report sets were the sum of

the variable scores in the set, but for interest and difficulty the

composites were the mean of the variables in the set.

Analyses. Ideally each of the four composite scores would have

been analyzed using analysis of covariance to remove the effects of

exposure level, class type, and degree of integration. However, this

proved to be impossible because the control variables were invariant

for subjects using problem seven. Consequently, the following pro-

cedure was used. First a one-way analysis of variance was run, with

subsequent comparisons among all pairs of means. Standard t tests

were used in these comparisons, because type two errors were of more

concern than type one. This procedure was considered statistically

conservative.

Following each analysis of variance an analysis of covariance

was run, with problem seven omitted, to determine whether the co-

variates changed the observed relationships. Conclusions were then

based on inferences from both analyses.

Results for Proposals. The results of the analysis of variance

of the composite proposal ratings appear in table 4.33. It was ob-

served that problems six and,seven were significantly lower than all

2 1-6
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TABLE 4.33. ANALYSIS OF VARIANCE OF THE COMPOSITE PROPOSAL
RATINGS STRATIFIED BY PROBLEM CONTENT

Source

Between
Within
Total

SUM OF MEAN

DF SQUARES SQUARE F-STAT. SIGNIF.

6- 9181.8 1530.3 5.606 .000

207 56497. 272.93
213 65679.

PROBLEM MEAN VARIANCE STD. DEV.

1 30 61.067 133.93 11.573

2 112 59.455 373.13 19.317

3 24 61.000 101.48 10.074

4 26 64.846 86.375 9.293

6 12 47.167 203.24 14.256

7 5 24.000 1080.0 32.863

8 5 66.000 36.500 6.041

PROBLEMS
COMPARED DIFF. T-STAT. SIGNIF.

1 vs. 2 1.611 .474 .635

1 vs. 3 .066 .014 .988

1 vs. 4 - 3.779 - .853 .394

1 vs. 6 13.900 2.463 .014*

1 vs. 7 37.067 4.644 .000*

1 vs. 8 - 4.933 - .6182 .537

2 vs. 3 - 1.544 - .415 .678

2 vs. 4 - 5.390 -1.498 .135

2 vs. 6 12.289 2.448 .015*

2 vs. 7 35.455 4.695 .000*

2 vs. 8 - 6.544 - .866 .387

3 vs. 4 - 3.846 - .822 .411

3 vs. 6 13.833 2.368 .018*

3 vs. 7 37.000 4.555 .000*

3 vs. 8 - 5.000 - .615 .538

4 vs. 6 17.679 3.066 .002*

4 vs. 7 40.846 5.063 .000*

4 vs. 8 -1.153 - .143 .886

6 vs. 7 23.167 2.634 .009*

6 vs. 8 -18.833 -2.141 .033*

7 vs. 8 -42.000 -4.019 .000*



other problems, but there were no significant differences among the

other problems.

The results of the analysis of covariance of the proposal ratings

appear in table 4.34. It was observed that the means for problems

three, four, six and eight were adjusted upwards considerably. As

a result, the adjusted means for problems three, four, and eight

were significantly higher than the other means. In addition, mean

eight was now significantly greater than mean two, which was adjusted

slightly downwards.

Results for Final Reports. The results of the analysis of

variance of the composite fine] report ratings appear in tdb'le 4.35.

It was observed that the means for problem seven was significantly

lower than those for all other problems. Also, problems one, three,

four, and eight were significantly higher than those of problems

two, six, and seven. There were no significant differences within

the high means.

The results of the analysis of covariance are summarized in

table 4.36. It was observed that there was only one change in order:

the adjusted mean for problem six was larger than the adjusted mean

for problem two. However, the difference was not significant. The

mens for-problems six and two were significantly lower than any of

the others; and problem one was significantly lower than problems

four and three. There were no significant differences among the

remaining means.

Results for Interest. The analysis of variance of the com-

posite interest ratings are summarized in table 4.37. It was ob-

served that the overall F was not significant (p = .0644). Simi-

larly, the overall F for the analysis of covariance summarized in

table 4.38 was not significant (p = .0814). It was concluded that

there were no significant differences among problem means for the

interest ratings.

Results for Difficulty Ratings. The analysis of variance for

difficulty ratings appear in table 4.39, and the subsequent analysis

of covariance appears in table 4.40. Again, the overall F ratios

for both analyses were not significant (p = .1127 and .3337 respectively).
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TABLE 4.34. ANALYSIS ce COVARIANCE ce THE COMPOSITE PROPOSAL
RATINGS STRATIFIED BY PROBLEM CONTENT AND COVARIED
ON INTEGRATION, EXPOSURE, AND CLASS TYPE

Source

Equality of

DF
SUM OF MEAN

SQUARES SQUARE F-STAT. SIGNIF.

Adj. Cell Means
Zero Slope
Error 195

Equality of Means
(w/o Covariates)

Error 198

5 7915.7 1583.1 12.757 .000

3 27309. 9103.1 73.356 .000

24199. 124.09

5 3445.7 689.14 2.649 .024

51508. 260.14

TABLE OF COEFFICIENTS

Covariate COht?. SW. ERROR T-STAT. SIGNIF.

Integration 19.818 2.101 9.432 .000

Exposure .487 .122 3.992 .000

Class Type .678 .175 3.860 .000

TABLE OF MEANS

Problem (1) (2) (3) (4) (6) (8)

Mean 61.067 59.455 61.000 64.846 40.857 66.000

Adj. Mean 59.611 55.388 69.940 72.045 50.486 72.007

(Std. Error) 2.159 1.160 2.392 2.293 4.289 5.008

Intercept -37.863 -42.085 -27.533 -25.428 -46.988 -25.467

Sample Size 30 112 24 26 7 5

PROBLEMS
COMPARED DIFF. T-STAT. SIGNIF.

1 vs. 2 4.222 1.657 .099

1 vs. 3 -10.329 -3.268 .001*

1 vs. 4 -12.434 -4.005 .000*

1 vs. 6 9.124 1.916 .056

1 vs. 8 -12.396 -2.287 .023*

2 vs. 3 -14.552 -5.227 .000*

2 vs. 4 -16.657 -6.202 .000*

2 vs. 6 4.902 1.083 .280

2 vs. 8 -16.618 -3.205 .001

3 vs. 4 - 2.104 - .665 .506

3 vs. 6 19.454 4.064 .000*

3 vs. 8 - 2.066 - .376 .706

4 vs. 6 21.559 4.540 .000

4 vs. 8 .038 .007 .994

6 vs. 8 -21.521 -3.290 .001
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TABLE 4.35. ANALYSIS OF VARIANCE OF THE COMPOSITE FINAL REPORT
RATINGS STRATIFIED BY PROBLEM CONTENT

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.-
Between 6 32360. 5393.4 18.826 .000
Within 142 40681. 286.49
Total 148 73041.

PROBLEM MEAN VARIANCE STD. DEV.

1 30 86.533 205.57 14.338
2 48 62.792 310.64 17.625
3 24 92.958 181.09 13.457
4 26 93.154 236.94 15.393
6 12 65.000 285.82 16.906
7 5 46.200 1598.7 39.984
8 4 90.750 164.25 12.816

PROBLEMS
COMPARED DIFF. T-STAT. SIGNIF.

1 vs. 2 23.742 6.026 .000*

1 vs. 3 - 6.425 - 1.386 .167

1 vs. 4 - 6.620 - 1.459 .146

1 vs. 6 21.533 3.724 .000*
1 vs. 7 40.333 4.933 .000*
1 vs. 8 - 4.216 - .468 .640

2 vs. 3 -30.167 - 7.129 .000*
2 vs. 4 -30.362 - 7.366 .000*
2 vs. 6 - 2.208 - .404 .686

2 vs. 7 16.592 2.086 .038*
2 vs. 8 -27.958 - 3.174 .001*

3 vs. 4 - .195 - .040 .967

3 vs. 6 27.958 4.672 .000*

3 vs. 7 46.758 5.619 .000*

3 vs. 8 2.208 .241 .809

4 vs. 6 28.154 4.766 .000*

4 vs. 7 46.954 5.680 .000*

4 vs. 8 2.403 .264 .791

6 vs. 7 18.800 2.086 .038*

6 vs. 8 -25.750 - 2.635 .009*

7 vs. 8 -44.550 - 3.923 .000*
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TABLE 4.36. ANALYSIS OF COVARIANCE OF COMPOSITE FEW., REPORT
RATINGS STRATIFIED BY PROBLEM CONTENT AND COVAR1ED
ON INTEGRATION, ENPOSURE, AND CLASS TYPE

Source
SUM OF MEAN

DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 5 21106. 4221.2 21.677 .000

Zero Slope 3 8277.2 2759.1 14.169 .000

Error . 130 25315. 194.73

Equality of Means
(w/o Covariates) 5 27649. 5529.8 21.894 .000

Error 133 33592. 252.57

TABLE OF COEFFICIENTS

Covariate COBier. STD. ERROR. T-STAT. SIGNIF.

Integration 20.206 3.828 5.277 .000

Exposure .330 .219 1.505 .134

Class Type .197 .290 .679 .498

TABLE OF MEANS

Problem (1) (2) (3) (4) (6) (8)

Mean 86.533 62.792 92.958 93.154 58.571 90.750

Adj. Mean 80.033 65.016 95.533 93.886 60.523 89.184

(Std. Error) 2.984 2.369 2.882 2.871 5.414 6.997
Intercept 14.850 - .167 30.350 28.702 - 4.660 24.001
Sample Size 30 48 24 26 7 4

PROBLENS
COMPARED DIFF. T-STAT. SIGNIF.

1 vs. 2
1 vs. 3
1 vs. 4
1 vs. 6
1 vs. 8

2 vs. 3
2 vs. 4
2 vs. 6
2 vs. 8

3 vs. 4
3 vs. 6
3 vs. 8

4 vs. 6
4 vs. 8

6 vs. 8

15.017
-15.500
-13.853
19.511

- 9.151

-30.517
-28.870

4.493
-24.168

1.647
35.011
6.348

33.363
4.701

-28.662

3.582
- 3.657
- 3.403

3.193
- 1.196

- 8.169
- 7.326

.735

- 3.291

.410

5.757
.837

5.601
.620

- 3.227

.000*

.000*

.000*

.001*

.233

.000*

.000*

.463

.001*

.682

.000*

.403

.000*

.536

.001*
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TABLE 4.37. ANALYSIS OF VARIANCE OF COMPOSim INTEREST RATINGS
STRATIFIED BY PROBLEM CONTENT

SUM OF ME-aN

Source DF SQUARES SQUARE F-STAT. SIGNIF._
Between 5 4.779 .955 2.146 .064

Within 122 54.334 .44,

T1.7---- 59.114-
PIREL2T N .-71EAN VARIAL\31.:E STD. DEV.-

24 4.542 .44: .665
54 4.983 .34- .587

3 .21 4.561 .41 .685
4 20 4.762 .687) -829
6 5 4.868 .71-3 .854

7 0

8 4 4.584 .16] .404

TABLE 4.38. ANALYSIS OF COVARIANCE OF COMPOSITE INTEREST RATINGS
STRATIFIED BY PROBLEM CaNTENT AND COVARIED ON Deem-URE
AND CLASS TYPE

Source
SUM CF MEAN

DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 5 4.380 .876 2.014 .081

Zero Slope 2 2.147 1.073 2.469 .088

Error 120 52.187 .434

Equality of Means
(w/o Cbvariates) 5 4.779 .955 2.146 .064

Error 122 54.334 .445

TABLE OF COhrriCIENTS

Covariate COEno. STD. ERROR T-STAT. SIGNIF.

Exposure - .126 .236 - .533 .595

Class Type ,433 .245 1.766 .079

TASTE OF MEANS

Problem (1) (2) (3) (4) (6) (8)

Mean 4.542 4.983 4.561 4.762 4.868 4.584

2dj. Mean 4.498 4.968 4.588 4.804 4.919 4.623

(Std. Error) .136 .092 .148 .148 .295 .330

Intercept 3.154 3.623 3.243 3.459 3.574 3.278

Sample Size 24 54 21 20 5 4
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TARDL 4. A.NLLYSIS OF VARIANCE OF THE COMPOSITE DikklCULTY
7=0:11NGS STRAEIFIED BY PROBLEM CONTENT

SUM OF YEAr
Sourc- DF SQUAREs ,_CX1-1-E F-STAT. 31,ZaTIF.

Betwe-ar 5 4.825 -9f-=. 1.825 22
Withi-1 122 64.488 .52i

Tbtal 127 69.314

PROBLM4 MEAN IAN STE. .DEV.

1 3.798 .43: .656
2 7,- 4.157 .542 .736
3 _ I._ 3.780 .695 .834
4 ,f) 3.690 .537 .732
6 3.930 .422 .649
7

8 4.009 .009 .096

TABLE 4.4t_ -7-YqIS OF COVARIANCE OF THE COMPOSITE DIFFICULTY
STRATIFIED BY PROBLEM akirENT AND COVARIED

AND CLASS TYPE
9ITNGS

IMPOSURE

Source

Equality of
Adj. CaLL m=,a2S

DF

5

2

120

5

122

SUM OF MEAN
SQUARES SQUARE F-STNT. SIGNIF.

2.962 .592

3.129 1.564
61.359 .511

4.825 .965
64.488 .528

1.158
3.060

1.825

.333

.050

.112

Zero Slope
Error

Equality cff .--==ans

0a/o Covz=1.$)
Error

TAB= OF 00tetiCIENTS

Covariate COhkr. STD. ERROR T-STAT. SIGNIF.

Exposure .204 1.275 .160 .873
Class Type .803 .326 2.459 .015

077wITE OF MEANS

Problem (1) (2) (3) (4) (6) (8)

Mean 3.798 4.157 3.780 3.690 3.930 4.009
Adj. Mean 11745 4.120 3.844 3.753 4.006 4.080
(Std_. Errc-(' .147 .114 .165 .167 .344 .370
Intercept - .148 .226 - .049 - .140 .112 .186
Sample Siac 24 54 21 20 5 4

22,1
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It was concluded that there were no significant d'-;--=erencaL azong

pradlems means for The difficulty ratings.

Summary of Res_lts for the Problem Factor. in- patter-7 of

results from all eight analyses just presented c splayed in

table 4.41. There was pensistent tendency for tre _Jbjects Tn

problems two, six, and seven to obtain lower comp7: 7e rati7gs on

the proposal and final report variables. Subject:- --am problems

three, four, and eight consistently obtained highee -atingsmhen

covaried exposure level, class type and integratic :svel, and

problem one subjects fell in between the other tqc 7-iowever, these

results cannot be considered definitive because d:'-rences among

problems were confounded with the uncontrolled ef:4-7.-.7ts of differ-

ential instruction and differences in initial abi-17-ty. The lest

is particularly important for problems one and two w.Tich were ex-

tensively used with introductory classes containing a large pro-

_portion of statistical neophytes -- many with an anti-research bias.

Further research is needed to determine whether any of the problems

is intrinsically inferior or superior for this purpose.

The results reported in table 4.41 suggest no clear pattern

with respect to the interest and difficulty ratings. In view of

the small differences in apsolute size and the non-significance of

the statistical analyses it was concluded that there was no evidence

of differential effects of problems on these variables.

Factor Three: Type of Class

Description. There were three general class types included in

the field study. A brief summary of each type appears alelow_ A

more detailed description was given at the beginning of the chapter.

Type of class was intended as only a nominal scale: the order of

listing is entirely arbitrary. The types of class wers::

(1) A general research course offered as a servuve to a variety

of other program. Most of the home programs Binr-7-in produce

educational practitioners rather than researoberstevaluators.

(2) A specific research course which concentrates QM methods

most useful to a particular content and contaims subjects

interested in becoming researchers in that content area.

2 2 o
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COMPARIS::
ORIGINAL
ANCOVA
THE SAME

--rcro=1 Rati nga:

Af.,! HA Means

Aatisted
ANCIOVA Means

Final Report Rating:5

ANOVA Means

Adj us ted
ANCOVA Means

I nterest Rati ngs

ANOVA Means

Adju3 ted
ANCGVA Means

Di ffi cul ty Rati ngs

ANOVA Means.

Adjusted
ANCOVA Means

:)F THE PROBLEM 1SEANS FRJM THE
VA WI7 7E: ADJUSTED MEANS FROM THE
-OUR r- IS. MEANS UNDERISCVEO BY
E ARE Jr .:,IGNIFICANTLY DIF-7ER,AT.

TT: < <
1

<
3 4

< < < <
6 2 1 3 4

7
< T2 < T6 < "-F-

1
<F8<F3 <

< <

< r
8

< 14 < T6 < T2

3 < 18 < 14 < r6 < t
2

4
< 3 < 5

1
<- 6 <

8
<

2

t < t t3 < t
6

t < f
2



A program eva',.c-:on worksnop inten=ed primarily for part-

time graduate--:-;dents who are practicing educators. The

clients were research noviceF who wished to in-

crease their re.,. lrch/evehlation skills for practical

reasons.

Late Matrix. The cLz.7:: set to be analyzed across class types

7S ,.:.;7771arized im figure T.2. Here, our interest focused on the

1--e=a71 of proppsal score:, so the entire set of P variables was

Idiad. However, only/ :verall trends in interest or difficulty

-,e-vE,1 were considered incerprable: consequently, only the composite

-aci.ngs were included fo. these variables. As usual, the final

-ecDrt were evaluated TT" te7ms of a single composite score.

Hycotheses. The type factor was considered purely descriptive

Th all oat two respects. (1) If, in fact, there is a difference in

the content :studied by specific research as opposed to general re-

sarch classes, one would expect better problem definitions (IP

7-tatingsY) and better concectual frameworks (Cc ratings) from the

soe&,e-ist group. (2) since the workshop group actually received

Tess craininc (fewer contact hours) than either of the other two

proc-..ict ratings which compared favorably with the other

groups coulL be considered evidence that the workshop was achieving

its ohjectis. Ir :]-.:-:Irticular, we hypothesized that the product

ratings for :his g would be as high as those zf the general

research tyz H. at thii.:--15.rt; of their first semester of training.

Analyses. Ber-ati of the interest in possible pattern dfffer-

a. mativarteteanalysis of variance with subsequent marginal

contrasts was conducted on the proposal scores.

diffen.untieF- ittern was discovered of the mulcivariate analysis,

-;ca]yses af cover7nce af each separate variable were planned. If

ho pattern diffterences_ were observed, we planned to proceed directly

cattle analysis- of covariance of the remaining composite ratings:

and D.

Results for Proposal Ratings. The multivariate analysis of

variance for the proposal scores is summarized in table 4.42. It

was observed that both type 1 and type 2 means zppeared to be somewhat

2 2, 7
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TABLE 4.42. RESULTS OF THE MULTIVARIATE ANALYSIS OF VARIANCE OF THE
OBSERVED PROPOSAL RATINGS 3TRATIFEED BY CLASS TYPE

Equality of Meams; UF = 8,436.00 .Y:'= 6.104 SIG. .--- .()J0

Alt. Test of Equality of k.!ans: Max:, 7:Drot= .204 SIG. = .000

TABLE OF ME:ITS

Class Type (1) (2) (3)

IP 11.985 11.750 9.583

CF 10.422 14.750 6.416

M 25.706 28.125 19.917

GE 1L.368 17.500 6.083

Sample Size 204 8 12

Canpariscs For...-nteSet

VALUESOr 11161111111W4

VAILE = SIG. = .01

Wz-J'a Or_:,1z_ Wei -,:s._ an Each Variable

1 vs. 2 -12-645 2:1.--a2. 25.170

1 vs. 3 17 ABC 1:7.9,7" 20.744

2 vs. 3 3L-12E 27.F7'. 31.876 k

C.15.5 'AIDE Comparl.son bz. 7

1 vs. 2 .23 5 4,343 5.014

1 vs. 3 3.5E1 4.132

2 vs. 3 L__166 5.53 6.350

Class Type Comparison -,:- 2F

1 vs. 2 - 4-322 7.717 8.904

1 vs. 3 4.004 6.360 7.339

2 vs. 3 B-332 9.7-2 11.277

Class Type

1 vs. 2 - 2.41:: 9.7N5 11.303

1 vs. 3 5.7aA 8.C72 9.315

2 vs. 3 8-2E8 l2.4.34 14.314

Class Type Compar-sor: by GE

1 vs. 2 - 6.132 5.249 6.057

1 vs. 3 5-284 4.226 4.992

2 vs. 3 11,417 L2 7.671*



higher overall than type 3 means. In the paired comparisons for the

entire set of variables (with unit weight on each variable) the type 2

vs. type 3 comparison was significant (p .05), but the type 1 vs.

type 3 comparison was just short of significance. The paired com-

parisons by variable yielded significmt differences in the same

direction, but only for the GE variable.

The hypothesized superiority of type 2 over type 1 classes for

the IP and CF ratings was not supported: the direction of the differ-

ence was reversed for the two variables, and neither difference was

significant.

Results for the Final Report Ratin,9s. The analysis of covariance

of the composite ratings for final reports are summarized in table 4.43.

It was observed that the overall F ratio failed to reach significance

(p = .0841): there were no significant differences among adjusted

composite ratings (F) for final reports. The covariates were ob-

served to be highly correlated with the F ratings, and resulted in

a significant downward adjustment in the type 2 mean. This fact

suggested that had a covariance analysis of the (mullAvariate) pro-

posal scores been possible, the significant difference between type 2

and 3 may have washed out. Consequently, it was concluded that these

results neither support nor deny the hypothesized differences in pro-

posal and final report ratings.

Results for Interest Ratings. The analysis of covariance of the

interest ratings appear in table 4.44. It was observed that there

were highly significant differences among class types for both unad-

justed and adjusted means. In both cases the types ranked 1, 2, and 3

in increasing order. The adjusted mean for type I was significantly

lower than either of the others, but types 2 and 3 were not signifi-

cantly different.

Results for Difficulty Ratings. The analysis of covariance of

the composite difficulty ratings appears in table 4.45. Again it was

observed that both the unadjusted and adjusted means for class types

were ordered 1, 2, 3. However, the only significant difference in

this case was between the two extremes: one and three.

230

216



TABLE 4.43. ANALYSIS OF COVARIANCE OF THE COMPOSITE FINAL REPORT
RATINGS STRATIFIED BY CLASS TYPE AND COVARIED ON
EXPOSURE AND DITEGRATION

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGN1F.

Equality of
Adj. Cell Means 2 1733.3 866.65 2.521 .084

Zero Slope 2 11143. 5571.7 16.213 .000
Error 135 46394. 343.66

Equality of Means
(07/o Covariates) 2 3915.9 1957.9 4.662 .011

Error 135 57537. 419.98

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Exposure .908 .252 3.603 .000
Integration 16.464 5.949 2.767 .006

TABLE OF MEANS

Class Type (1) (2) (3)

Mean 78.642 100.38 74.167
Adj. Mean 79.536 90.894 71.546
(Std. Error) 1.819 8.531 6.169
Intercept -11.975 -.616 -19.965
Sample Size 120 8 12

CLASS TYPES
COMPARED DIFF. T-STAT. SIGNIF.

1 vs. 2 -11.358 -1.243 .215
1 vs. 3 7.990 1.184 .238

2 vs. 3 19.348 2.194 .029
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TABLE 4.44. ANALYSIS OF CCNARIANCE OF THE COMPOSITE INTEREST
RATINGS STRATIFIED BY CLASS TYPE AND COVARIED ON
EXPOSURE AND INTEGRATION

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.-
Equality of

Adj. Cell Means 2 9.766 4.883 8.068 .000

Zero Siope 2 21.126 10.563 17.452 .000

Error 195 118.02 .605

Equality of Means
(w/o Covariates) 2 10.003 5.001 7.081 .001

Error 197 139.15 .706

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Eposure 1.374 .341 4.025 .000

Integration - .130 .228 - .571 .568

TABLE OF MEANS

Class Type (1) (2) (3)

Mean 4.286 4.794 5.397

Adj. Mean 4.256 5.171 5.774

(Std. Error) .060 .355 .370

Intercept -1.549 . - .633 - .013

Sample Size 185 8 7

CLASS TYPES
COMPARED DIFF. T-STAT.

1 vs. 2

1 vs. 3

2 vs. 3

- .915
-1.518

- .602

-2.461
-3.930

-1.496

.014

.000

.136

2 3 2
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TABLE 4.45. ANALYSIS OF COVARIANCE OF THE COMPOSITE DIFFICULTY
RATINGS STRATIFIED BY CLASS TYPE AND COVARIED ON
EXPOSURE AND INTEGRATION

SUM OF MEAN

Source DF SQUARES SQUARE F.,STAT. SIGNIF.

Equality of
Adj. Cell Means 2 2.599 1.299 3.004 .051

Zero Slope 2 .951 .475 1.100 .334

Error 195 84.335 .432

Equality of Means
(07/o Covariates) 2 5.320 2.660 6.144 .002

Error 197 85.286 .432

TABLE OF COEFFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Exposure .298 1.197 .249 .803

Integration .143 .162 .884 .377

TABLE OF MEANS

Class Type (1) (2) (3)

Mean 3.810 4.210 4.606

Adj. Mean 3.819 4.106 4.502

(Std. Error) .049 .261 .275

Intercept 2.486 2.773 3.169

.Sample Size 185 8 7

CLASS TYPES
COMPARED DIFF. T -STAT. SIGNIF.

1 vs. 2 - .287 -1.064 .288

1 vs. 3 - .683 -2.403 .017

2 vs. 3 - .395 -1.162 .246
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Summary of Results for Class Type. Although some differences

among project ratings reached significance, the overall pattern of

results did not either support or deny the hypothesized superiority

of type 2 classes over type 1 for any of the proposal ratings or

for the final report rating. The workshop ratings on these variables

were consistently lower than those of the other two class types, and

these differences were generally significant. These results tend

to contradict the proposition that workshops are as effective as

the other class types in teaching these research/evaluation skills.

However, the evidence cannot be considered conclusive because of

the fact that differences in type were confounded with differences

in initial ability: these were only partially controlled by the

covariance.

Although no differences in interest or difficulty ratings were

hypothesized, the results indicate that type 1 classes generated

less interest than either of the other two. Type 1 classes rated

research activities significantly less difficult than type 3 classes:

type 2 was between the other two but not.significantly different

from either of them.

Factor Four: Integration

Description. The integration factor was included in the study

to obtain some estimate of the differences in overall effectiveness

between a FEHR project which was integrated into the curriculum as

opposed to a laboratory experience and one which was just an adjunct

to classroom activities. There was a certain amount of integration

in many of the evaluation classes. For example, the iiroject was dis-

cussed extensively during class at both Michigan State University.

and Ohio State University. However, the most complete planned inte-

gration of project activities and classroom content occurred in the

C655-C656 course sequence at the University of Michigan during the

1973-74 academic year. Since the task of ranking the other sessions

on a degree-of-integration scale seemed almost insuperable, we de-

cided to use a two category classification: (1) incomplete inte-

gration, and (2) complete integration. The 1973-74 class was classi-

fied in the second group, and all other classes in the first group.
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Data Matrix. Since overall effects rather than differences in

patterns were of interest in the integration factor, only the com-

posite ratings were included in the data matrix to be analyzed. These

data, stratified by integration level are summarized diagrammatically

in figure 4.13.

Hypotheses. It was hypothesized that the incompletely integrated

class would achieve lower proposal and final report ratings, and would

be less interested in research than the completely integrated classes.

The difficulty ratings were not included in this hypothesis, and were

included for descriptive reasons only. Summarized in symbolic form,

the hypotheses were:

(1) <

(2) T1 <

(3) 1) <

(4) El 0) 152

Analyses. To control for the effects of the exposure and type

of class factors, an analysis of covariance of each of the four de-

pendent variables was conducted. As in previous analyses, the co-

variate scores for each individual consisted of the mean scpres on

the variable being analyzed for that individual's exposure level and

class type.

Results for Proposal Ratings. The results of the analysis of

covariance of the composite proposal ratings appears in table 4.46.

It was observed that, as hypothesized, the adjusted mean rating

for the incompletely integrated classes was significantly smaller

than the adjusted mean for the integrated classes.

Results For Final Report Ratings. The results of the analysis

of covariance of the Composite final report ratings appear in

table 4.47. It.was observed that, as before, the adjusted mean

for the incompletely integrated classes was significantly smaller

than the adjusted mean for the integrated classes.

Results for Interest Ratings. The summary of the analysis of

covariance of the composite interest ratings appears in table 4.48.

2 3 5
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TABLE 4.46. ANALYSIS OF COVARIANCE OF THE COMPOSITE PROPOSAL
RATINGS STRATIFIED BY INTEGRATION LEVEL AND
COVARIED ON EXPOSURE AND CLASS TYPE

SUM OF MEAN

Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Zilans 1 6793.7 6793.7 42.368 .000

Zero Slope 2 6287.3 3143.6 19.605 .000

Error 201 32230. 160.35

Equality of Means
(w/o Covariates) 1 16451. 16451. 86.703 .000

Error 203 38518. 189.74

TABLE OF COEFeICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Exposure .492 .137 3.593 .000

Class Type .900 .182 4.947 .000

TABLE OF MEANS

Integration Level (1) (2)

Mean 52.333 70.432

Adj. Mean 54.236 67.902

(Std. Error) 1.262 1.489

Intercept -28.354 -14.688

Sample Size 117 88
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TABLE 4.47. ANALYSIS OF COVARIANCE OF THE COMPOSITE FINAL REPORT
RATINGS STRATIFIED BY INTEGRATION LEVEL AND COVARIED
ON EXPOSURE AND CLASS TYPE

SUM OF MEAN
Source DF SQUARES SQUARE FITAT. SIGNIF.

Equality of
Adj. Cell Means 1 2651.2 2651.2 7.726 .006

Zero Slope- 2 6903.1 3451.6 10.059 .000
Error 136 46664. 343.12

Equality of Means
(Wo Covariates) 1 7885.9 7885.9 20.316 .000

Error 138 53567-. 388.17

TABLE OF COteVICIENTS

Covariate COhn% STD. ERROR T-STAT. SIGNIF.

Exposure .997 .231 4.313 .000

Class Type .681 .329 2.064 .040

11.11.111MEMMEN.....

TABLE OF MEANS

Integration Level (1) (2)

Mean 76.086 96.000
Adj. Mean 77.210 90.568
(Std. Error) 1.769 4.278
Intercept -55.402 -42.045
Sample Size 116 24

2 38
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TABLE 4.48. ANALYSIS OF COVARIANCE OF THE OVERALL MEAES OF INTEREST
RATINGS STRATIFIED BY INTEGRATION LEVEL AND COVARIED ON
EXPOSURE AND CLASS TYPE

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 1 10.558 10.558 16.317 .000

Zero Slope 2 3.478 1.739 2.688 .070

Error 196 126.81 .647

Equality of Means
(w/o Covariates) 1 18.858 18.858 28.658 .000

Error 198 130.29 .658

TABLE CF CairTICIENTS

Cmariate COEFF. STD. ERROR T-T=TtuT SIGNIF.

Exmcsmre -2.213 1.445 -1 ---71 .127
1.013Ciass Type .415 .410 .312

TABLE OF MEANS

Integration Level (1) (2)

Mean 4.156 4.844

Adj. Mean 4.130 4.912

(Std. Error) .077 .151

Intercept 11.065 11.846

Sample Size 145 55
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TABLE 4.49. ANALYSIS OF COVARIANCE OF THE OVERALL MEANS OF DIFFICOLTY
RATINGS STRATIFIED BY INTEGRATION LEVEL AND COVARIED ON
EXPOSURE AND CLASS TYPE

SUM OF MEAN
Source DF SQUARES SQUARE F-STAT. SIGNIF.

Equality of
Adj. Cell Means 1 .315 .315 .733 .392

Zero Slope 2 2.794 1.397 3.245 .041
Error 196 84.357 .430

Equality of Means
(67/o Covariates) 1 3.455 3.455 . 7.250 .005

Error 198 S7.151 .440

TABLE OF COLvFICIENTS

Covariate COEFF. STD. ERROR T-STAT. SIGNIF.

Exposure .342 1,178 .290 .771

Class Type .818 .334 2.446 .015

TABLE OF MEANS

Integration Level (1) (2)

Mean 3.773 4.068
Adj. Mean 3.817 3.952
(Std. Error) .063 .123

Intercept - .647 .512
Sample Size 145 55
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It was observed that both the unadjusted and adjusted means

differed significantly in the direction hypothesized (p < .00005,

and p = .0001 respectively).

Results for Difficulty Ratings. The summary of the analysis of

covariance of the composite difficulty ratings appears in table 4.49.

It was observed that the unadjusted means differed significantly

in favor of integration. However, the difference in adjusted

means, although still in the same direction, was much smaller,

and non-sianificant (p = .3927).

Suamary of Resdats for Integration. The overall results support

the hypothesis-zhat the quality of proposals and final reports

and the overall interest in research/evaluation activities will

improve when t FEHR research project is integrated into the

curriculum rather than being a separate and adjunct experience.

However, integration was found to have no significant effect on

difficulty rattngs.



CHAPTER 5

SUMMARY AND CONCLUSIONS

The purpose of this chapter is to summarize and synthesize

the material presented in previous chapters in order to answer

four major questions: (1) Do the FEHR materials satisfy the

terms of the contract?, .(2) Did the FEHR system accomplish its

educational objectives?, (3) Are the eight problems equally

effective? and (4) What are the implications of these results

for the dissemination and use of the FEHR system? On the

following pages, the evidence respecting each of these questions

is presented, ,under the appropriate heading, in the order listed.

Satisfaction of the Contract

It was pointed out in Chapter 2 that the present FEHR-PRAC-

TICUM materials differ in six ways from the specifications con-

tained in the contract addendum dated September 28, 1971.

1: The number of In-Service Training Units actually pro-

duced was five instead of the four itemized in the

contract.

2. The programmed materials in the Players' Instructions

booklet were substituted for proposed Players' Oreinta-

tion Booklet. This eliminated the necessity for-a

training session prior to solving an actual problem.

3. The role of the message generator was de-emphasized.

Rather than a necessary game component it is now an

option to be used at the discretion of the Game

Manager. Instructions and suggested messages appear

only in the Game Manager's Manual. This action was

deemed necessary because of the information overload

experienced by many players in the earlier version.

4. The number of problems was reduced from ten to eight.

One reason for this was that problem development and

evaluation turned out to be a much more formidable task

than had been anticipated. A second reason was
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the extreme difficulty experienced by our in

identifying a workable-problem in the areas which

had been proposed -- four separate areas weEe

investigated in the course of the project. 'But the

third and most important reason was the potentially

greater return for concentrating our effortz can methods

of producing multiple versions of each prat7dem (see.point

5, below).

5. The number of different versions (i.e., dt9=:!;erent

difficulty levels) of each problem was increased from

the proposed four to an almost infinite number by

allowing each game manager/instructor to define his

own assigned problem via a "checklist of assigned

tasks". The total number of fundamentally different

problems avallable with the present system f.4r exceeds

the 40 which would have resulted from tbe origin4l

propo:sal. More important, th8 increased flexibility

increases the number of portential clients-far the

system.

6. The scope of the Game Manager's Manual was greatly

increased. It is obviousfrom the above description

that the present FEHR materials exceed the contract'

specifications on every important dimension. We tonse-

quentlytonclude that the requirements of thecontract

with respect to materials are filfIly satisfied_

Accomplishment of Objectives.

The purpose of this section is to summarize, integrate, and

interpret the evaluation results with respect to the specific

goals of the FEHR-PRACTICUM system. It is organized in eight'

sections corresponding to the eight educational objectives listed

at the beginning of Chapter 4. The first three objectives are

concerned with achievement, objectives four to seven are con-

cerned with the overall utility of the system, and objective eight
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concernsthe overall adaptability of the system.

The discussion below is organized by objectives with an ex-

tended discussion of results for the achievement and interest

goals. Within objectives the presentation will consist of a

statement of the objective, an identification of the appropriate

dependent variables, and a summarization and interpretation of the

results for each of three critical comparisons. These were con-

cerned with the effects of: (1) varying the exposure to the

FEHR system from zero (the control condition) to an extended

exposure to all aspects of the system (the extensive-intensive

condition), (2) the type or purpose of the course or session

(required research competency, research specialist, program eval-

uation workshop), and (3) integrating FEHR with an existing

curriculum (integrated vs. non-integrated practicums). For each

c-,rsrast, a summary of the evidence is presented, followed by a

brief discussion and interpretation. The original design included

comparisons among the eight problems on an objective-by-objective

basis. However, this proved to be impractical because of missing

data and unbalanced replication. Consequently the relative

effectiveness of the various problems is assessed in a separate

section.

Objective 1.

To improve achievement in the content areas usually associa-

ted with research/evaluation training.

The evidence respecting this objective comes from both the

controlled experimental study and the field trials. Because

these involve different dependent variables, the findings are

presented separately.

Experimental Study Results. In the experimental study, overall

achievement was assessed by the final test scores (FT). Students'

perception of their learning was assessed by their mean score on

the competency items (the MC score) from the Self Assessment of
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Evaluation and Research Skills questionnaire. The SARES question-

naire was administered to the experimental subjects again at the

end of the second semester to provide an estimate of the carryover

effects of an early FEHR experience. Finally, the methods score

(M) from the Project Rating Scale for both proposals and final

reports was used as a measure of the practical application of

research/evaluation knowledge and skill. Since the control group

did not complete a project in the first semester M scores were

available onlY, for the experimental group in semester one. In

semester two - M scores were available for both the experimental

and control groups and for a small group of new students as well.

Amount of Exposure. The test for a linear increase in the

dependent variables with increasing leNiels of exposure to FEHR

was highly significant for both the FT&MC scores (p = .02 in both

cases). The linear trend for the M scores was also highly

significant (p<.01) both for the original experimental subjects

and when new students were pooled with experimental subjects by

degree of exposure.

Classtype and Integration. Tests of the effects of class

type and integration were not possible in the experimental study.

Field Trial Results. In the field trials, a direct measure of

performance in research design and data analysis was again given

by the M subscore on the product rating scale for proposals and

final reports. An indirect measure of performance in research

evaluation cOntent during the field trials was provided by student

ratings of goals 4, 5, and 6 on the goal assessment questionnaire

(GAQ). These goals dealt with the integration of measurement-

research-data analysis knowledge and skill, the computation and

use of specific statistics (e.g., t tests), and the ability to

use appropriate computer programs respectively. The score

analyzed represented the students' perception of the degree to

which he or she had achieved these three goals. Unfortunately,

the GAQ was available only for courses at the University of Michi-

gan.
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Amount of Exposure. The results of the test for linear trend were

entirely consistent with those from the experimental study. With-

in the multivariate analysis of variance (Table 4.12, p. 178) the

linear trend for M was highly significant. An impressive, but

somewhat misleading result was the fact that participants' M

scores were on the average, about double those of a control group

consisting of nine typical PhD proposals. However, this discrep-

ancy cannot be attributed entirely to differences in competence

because rigorous criteria are frequently not applied at the pro-

posal stage. 'Nevertheless, it is heartening to know that the

performance of the FEHR participants compared very favorably with

that of a group which can be assumed to be both reasonably compe-

tent and well motivated.

In the case of the goal achievement scores there was not a

pure linear relationship with exposure level: the lowest and

middle levels obtained similar mean ratings and the high exposure

group a somewhat better rating. However, the multivariate test

for linearity was not significant either for combined variables

or variable by variable. To check for the possible confounding

of results by the effects of integration level and class type

(purpose) a subsequent analysis of covariance of the overall

mean goal ratings was conducted using factors. The results of

this analyses produced means of 3.55, 3.37 and 3.78 for the three

exposure levels: the test for linear trend yielded a probability

of .055, and the test for curvilinear trend a probability of .002.

These combined results were considered inconclusive with respect

to perceived goal attainment per se but not inconsistent with the

hypothesized monotonic increase in achievement.

Class Type. Although the variable-by-variable comparisons

within the MANOVA did not reach significance, the.differences

among the M means for the three class types were considerable:

25.7 for the courses required as part of a general PhD research

competency, 28.1 for the research specialists, and 19.9 for the

program evaluation workshop. Since the score pattern was con-
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sistent and the overall differences were significant subsequent

univariate analyses of composite scores were run with exposure

and integration levels controlled by covariance. These yielded

highly significant differences among all three groups. From

lowest to highest M scores the groups ranked: program evaluation,

general research competency, and research specialists. This, of

course, was to be expected: classes emphasizing formal research

techniques ought to score better on variables measuring achieve-

ment in that area. What was most gratifying was the absolute

size of the proposal ratings for the in-service workshop type of

classes. With no formal instruction and generally, no prior

research training, these people were able to write proposals and

reports which scored about two-thirds as high as the formally

trained groups. Since the class type variable involved off-

campus courses, no GAQ scores were available for this comparison.

Integration. As hypothesized, the composite scores for pro-

posals and final reports (predominantly M scores) yielded signi-

ficantly higher (p<.005) mean scores for integrated courses.

Classes in which the FEHR project was fully integrated into the

classroom content achieved a mean score of 70.4 (67.9 after

covariance adjustment for differences in exposure level and class

type) while classes using FEHR as a free-standing practical

experience achieved a mean of 52.3 (54.2 after adjustment). This

was the largest absolute difference obtained in the analysis of

product ratings.

Conclusions. The overall pattern of evidence suggests that ex-

posure to the FEHR system was remarkably successful in improving

achievement in subject matter related to traditional content of

courses in research design and data analysis. Throughout both

the experimental and field studies'greater exposure to FEHR re-

sulted in greater achievement. Furthermore, this result held

whether the purpose of the session was specialized research

training, a required research course, or an in-service workshop

in program evaluation techniques. The second general conclusion
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was that the FEHR experience was far more effective when it was

an integral part of a course or program of courses in which re-

search methods were taught on a formal basis than when it was

used as an independent practical-application experience.

The differing achievement of various class types was inter-

preted as evidence that shifts in emphasis did occur in these

studies: classes placing more emphasis on formal research tech-

niques scored better on variables measuring achievement in that

area. Consequently, this factor was controlled when making other

contrasts. A more important result of the class type comparison

was the suggestion that formal research techniques were learned

surprisingly well by subjects in the informal workshop sessions.

Although the evidence in this study was not extensive enough to

permit firm conclusions, it appears that the FEHR experience

motivates and facilitates the learning of formal research tech-

niques through self study.

Objective 2.

To develop the ability to write proposals and final reports

which are explicit, operational, and sufficiently comprehensive

to permit replication.

The most compelling evidence of the quality of the proposals

and final reports produced by FEHR trainees appears in Chapter 3.

The illustrative report for problem 2 (REMAR) is an exact copy

of an actual final report submitted by a member of a class which

had level 5 (the highest) exposure to FEHR. The dependent vari-

ables relevant to this objective are the various subscores on the

product rating sheet (PRS). The sample report is about typical

of the mean quality of the work in that level as evidenced by its

proposal ratingt (IP=11/20; CF=12/24; M=31/40; and GE=13/20)

compared-to the mean ratings for level 5 given in table 4.12

(13.226; 14.962; 30.755; and 13.962 respectively). Although the

mean scores represent only about half the possible score, they

are considerably better than the means for the control group of

PhD. doctoral proposals (14.667; 11.778; 14.778; and 10.667 respec-
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tively), particularly for the Methods scores.

Amount of Exposure. The interest here is in the effects of

increasing levels of exposure on the pattern of subscores (as

opposed to the M score only in Objective 1).

The multivariate analysis of variance of the proposal ratings

yielded a significant overall linear trend: PhD. proposals

ranked lowest, then FEHR exposure levels 3, 4, and 5 in the order

mentioned. On a variable by variable basis, however, it was

obvious that the linearity held only within the FEHR treatments.

The PhD. proposals were about equal to the better FEHR proposals

for all but the method variable. Analyses of covariance of the

composite proposal ratings and composite final report ratings

yielded similar results.

Type of Class. The results for the type of class comparison

yielded no significant differences in the pattern of product

rating scores between required research classes and classes for

research specialists. However, the scores for the workshop

classes were significantly smaller than those for the other two

types.

Integration. As reported in Objective 1, above, the mean

composite product rating for the classes with an integrated

FEHR project was significantly greater than that for those

with non-integrated projects.

Conclusion. Collectively, the evidence strongly supports the

conclusion that FEHR experience improves the trainee's ability

to write proposals and final reports. Further, the evidence

suggests that the more FEHR experience, the better -- at least

within the range of time (up to 16 months) and number of separate

projects (the maximum in this stuotcwas three projects) used in

this study. On the basis of these data we recommend two problem

experiences spread over two semesters (or the equivalent) for

the usual PhD. research training sequence. However, additional

research is needed to determine the optimum amount of experience

to be provided. 249
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Further indirect evidence of proposal quality is provided by

the observation that the proportion of trainees who obtained a

perfect score (5) for the "study is replicable" item on the prod-

uct rating sheet was approximately 57%, 73%, and 90%, respectively,

for the three FEHR exposure levels, as compared to 50% for the

controls. Although the control comparison is dubious at best --

prevailing practice emphasizes the replicability criterion for

completed dissertations but not for PhD proposals -- the absolute

value of the statistic for the high exposure groups is impressive.

Additional support for the effectiveness of FEHR projects for

developing proposal/report writing skills is provided by the

ratings and written comments on the goal attainment questionnaire.

These indicated that more than 90% of the trainees felt they

had learned a great deal about proposal writing. But perhaps

even more telling was the fact that better than three quarters

of all respondents also indicated that they wished to learn

more about the topic.

In summary, there is strong evidence that FEHR is a remark-

ably effective vehicle for developing proposal and report

writing skills.

Objective 3.

To encourage field studies which feature control groups,

multiple dependent variables, and an assessmant of cost effec-

tiveness.

We had initially intended to use the product rating scale

items corresponding to control, multiple dependent variables,

and cost effectiveness to assess achievement of this objective.

Indeed, the differences among groups on these variables was

considerable. However, examination of the assigned tasks re-

vealed that univariate assessments were almost invariably per-

formed because the class concerned had been restricted to one

dependent variable, otherwise multivariate designs were used.

Similarly, projects appeared to involve cost-effect assessments

whenever this was assigned and virtually all projects involved
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a control group if one was possible in the problem concerned.

Apparently, the mere presence of a control constituted an "assign-

ment".

The effect of the highly visible "presence" of a variable in

the simulated situation was particularly striking in the case of

costs which are always printed out by the FEHR program. Even

when classes were explicitly instructed to ignore experimental

costs, they seemed unable to do so. Again and again the authors

observed subjects in these classes arguing against certain test

selections and experimental designs because they were "too

expensive to be practical". Although not as prevalent, similar

arguments were heard with respect to the inadvisability of making

a decision on the basis of a single variable. In classes restric-

ted to a single dependent variable, many teams requested that a

different dependent variable be assigned to each team member.

The rationale for this was usually based on the notion that gains

on one variable could be offset by losses on another. For

example, in the remedial arithmetic problem several teams felt

that losses (i.e., arrested growth) in problem solving ability

attributable to removal from class was just as important as

gains in computational skill resulting from the remedial treat-

ment. They were therefore unwilling to make a decision on the

basis of computation alone even though the added variable meant

additional work and the course requirements could have been en-

tirely satisfied with a univariate assessment.

Unfortunately, there was no hard evidence for the attainment

of objective three which could be attributed to the FEHR exper-

ience as opposed to the requirements imposed by the instructor

and/or the implicit requirements of the problem description.

A formal assessment of objective three would require a follow-

up study to compare the research studies (especially the disser-

tations) of students who experienced FEHR with those who did

not. Unfortunately, the time constraints of this project did

not permit such comparisons to be made -- only a few students
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have reached the di:sertation stage. Some additional support

for this statement was provided by a post hoc examination of

the mean responses to the control group question on the final

test used in the experimental evaluation. The mean for this

item increased uniformly with the amount of FEHR experience,

but the difference was not significant (p.10).

Conclusions. The evidence for the achievement of objective three

was inconclusive. In the absence of a definitive follow-up

study, the best that can be said is that the FEHR experience

appears to alert subjects to the desirability of including

control groups, ifiultiple dependent variables, and cost effec-

tiveness assessments in their program evaluation studies.

Objective 4.

To increase the interest in research and research methods.

Evidence for the attainment of this objective comes from

three sources: (1) the attainment ratings given to this goal

on the GAQ, (2) the mean interest rating from the SARES instru-

ment (experimental study only), and (3) the mean of interest

scores on the ORS questionnair3 (field study only).

Amount of Exposure. The scores on the first three instru-

ments are curvilinearly related to FEHR exposure. People with

zero exposure (the control groups) tended to exhibit moderately

high interest. This dropped significantly with the first expo-

sure to research (either real or FEHR), then gradually climbed

back up to exceed the control group at the extensive-intensive

exposure level (level 5). In-all cases, the relationship was

significantly linear within the FEHR exposure levels.

The activity level, as measured by the number of reported

voluntary pursuits Of research-related tasks was not available

for the control (zero experience'; group. However, within the

four FEHR exposure groups there was a linear increase in the

proportion of people engaging in such activities: the observed

percentages were 23%, 38%, 45%, and 48% for groups 2 to 5 respec-
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tively. Because of missing data and non-comparable formats, it

was not feasible to test the significance of this trend, nor of

individual differences between pairs. However, the data does

lend increased credance to the rating-scale results.

The relatively high rating giveri to research tasks by

neophytes was at first somewhat puzzling. However, after dis-

cussing the phenomenon with a number of trainees, a possible

explanation occurred to us. In this age it is popular to revere

and romanticize science -- hence an unrealistically high rating

by the totally inexperienced. With the first experience comes

the realization that research involves a great deal of hard

work and an exacting routine. Disillusionment sets in and the

ratings dip sharply. From this point on, the ratings are

based on direct experience:, the trend within FEHR exposure

levels should therefore represent real changes in attitude.

This explanation is so consistent with common experience

that we find it appealing. However, its acceptance is not

critical to our case. Regardless of the persuasiveness of the

above explanation, the pervasive linear relationship between

various interest variables and degree of FEHR exposure within

the experimental groups is sufficient to warrant a positive

conclusion -- particularly in view of the fact that the non-

FEHR research experience (group two in the field study) yielded

the lowest interest means of all (see table 4.21).

Type of Class. The type of class comparison yielded insig-

nificant differences for all except the ORS interest items

(I). The means for the required research classes was signi-

ficantly lower than the means for either the research special-

ists or the workshop classes, but there was no significant

difference between specialists and workshop classes. However,

within each class the linear relationship to FEHR exposure was

maintained. It was concluded that the lower interest in class

one was a function of its required status, and in no way related

to the FEHR system per se.
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Integration. None of the interest variables yielded a

significant difference between classes with projects integrated

into course content and those with independent projects.

Conclusions. Other things being equal, exposure to FEHR does

indeed increase interest in research and research method.

Further, within the range of exposures used in this study,

the greater the exposure, the greater the interest produced.

This relationship held equally well for required, specialist,

and workshop classes.

The hypothesis that integration of the FEHR project into

course content would increase interest was not supported: an

independent project appears to be equally effective in stimu-

lating interest.

Objective 5.

To increase the perceived relevance of the methods and prac-

tice of research/evaluation to (the trainees) educational role.

The evidence for attaiment of this objective comes from

the relevance scores on the SARES questionnaire which was

administered in the experimental group only.

Amount of Exposure. The pattern of results almost exactly

parallels those for the interest variables (see Tables 4.6, p.

164). The controls, who were not exposed to any practical

experience in research perceived research method: as moderately

relevant to their goals. With a minimum exposure to a practieum

(only the routine items) this dropped somewhat, but the mean

value remained moderately high. After the first experience, the

perceived relevance of research/evaluation increased linearly

with exposure to FEHR.

Type of Class and Integration Level. Neither of these com-

parisons were available in the experimental study.
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Conclusion. Exposure to FEHR increases trainees' perception

of the relevance of research/evaluation to their work role.

Objective 6 and 7. To foster positive attitudes toward the com-

puter and team work.

The ev'dence for attainment of these objectives comes solely

from written responses solicited from students. Consequently,

none of the three contrasts was deemed appropriate. Only 200

students -- all at the University of Michigan -- were accessible

to be polle'd; answers were received from 163 of them. Of these,

85% commented that the practicum experience had improved their

regard for the computer and lessened their fear. Only 10% said

it had not affected their view of the computer. The remainder

had no opinion.

The team work question was answered by 139 respondents. Of

these, 70% considered the team experience valuable and rewarding

but fully 20% found it irksome; the remainder had no opinion.

Conclusion. The FEHR experience as given at the University of

Michigan seems to be quite successful in fostering positive

attitudes towards the computer. It is also successful in

fostering a positive attitude towards group work in most people.

However, a considerable minority were negative to the group

experience. New methods of grouping should be tried with these

people.

The seven specific objectives above were all assessed in

terms of their degree of exposure of FEHR, jth zero exposure

used as a control group. It was also desirable to obtain

"assessments of two additional critical comparisons: problem

content areas, and degree of curricular integration.

Problem Content.

Analyses of differences across the eight problems, were

hampered by statistical problems caused by missing data-and

radical heterogeneity of variance. Since problem five had only

one complete formal usage of the revised problem, it was omitted
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from analysis. Because of missing data only overall analyses

were attempted: it was not possible to assess the interactions

between problem content and exposure level. However, covariance

introduced another difficulty -- problem seven had to be dropped

because of invariant covariate scores.

The analysis of covariance for the interest and difficulty

scores yielded no significant differences among problems 1, 2,

3, 4, 6, and 8.

An examination of the mean proposal and final report rat:ngs

shows that problem seven was very low on both. This was con-

sidered natural, since things like control groups and valid

treatment comparisons, which are heavily weighted on the rating

sheet, are not available in the RMA problem. A similar restric-

tion on the comparability of ratings exists for problem 6

(TQUES). Finally, the fact that problem 2 (REMAR) was used

almost exclusively with neophytes taking a required course

raised a question about whether its significantly lower mean

score was validly related to the problem content per se. (For a

diagrammatic summary of these results see table 4.41.)

The net result of the above considerations is that no mean-

ingful conclusions about the relative effectiveness of the eight

problems can be drawn from the tests and ratings. However, a

number of practical questions about the relative utility of the

problems can be answered from the evaluative comments by

trainees, game managers and course instructors. Since these are

presented in considerable detail in Chapter III, they are not

repeated here: the highlights are presented under conclusions,

below:

Conclusion. On the blsis of practical experience and the feed-

back received from various FEHR users, the following conclusions

about the relative utility of the eight problems seem warranted.

See Chapter III for further details.

(1) All eight problems are effective as a vehicle for acquainting

trainees with the program evaluation process.

2 5 6
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(2) Trainees are especially interested in problems concerned

with their (approximate) area of interest.

(3) The RETIAR problem is especially well suited to general

courses because almost all education students are familiar

with remedial arithmetic as a content area. All of the

other problems require specialized knowledge which the

average edIxation student does not have, and frequently

does not need to know. Consequently, we recommend that

these problems be used only with groups of sub3ects for

whichthe particular contents will be of value.

(4) The READING problem needs to have its internal parameters

adjusted to reduce the proportions of students at criterion

on the objective referenced tests. (This task is currently

underway.)

(5) The TQUES problem is useful for studying questionnaire

analysis and construct validity procedures. It is also a

useful vehicle for studying the practical and theoretical

implications of student evaluation of courses via question-

naire items. It is not particularly suited to program

evaluation as such.

(6) The BUSING problem is probably no longer of direct relevance

given the current national status of the busing issue. How-

ever, it may still be useful to study the process involved

in evaluating the effects of policy, changes of this sort.

Implications for Dissemination and Use

The findings reviewed above provides compelling evidence

that, correctly used, the FEHR system can be enormously useful

in tEaching research/evaluation skills. FEHR-PRACTICUM in its

present flexible form has proven quite effective for creative

instructors who are willing to adapt their methods to the

problem solving mode which is inherently most compatible with

the FEHR system. It seems equally apparent that it may not

prove useful to instructors who are unwilling or unable to
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adapt their methods. The implications for dissemination derive

from the pedagogical philosophy built into the FEHR system.

Some Philoso2hical Considerations. FEHR was designed to

be a flexible pedagogical tool adaptable to many instructional

purposes. To accomplish this aim, the problems were described

in rather global terms, leaving the operational specification

of the problem to the users. Thus, if an instructor/Game

Manager desired his/her trainees to practice problem definition

skills he/she could require the teams themselves to operation-

alize the problem. If, on the other hand, the instructor/Game

Manager wished to concentrate on research design and analysis

skills, he/she might provide an operational definition of the'

problem and ask the teams to work within it. Additional

adjustment to the scope of the players' task could be made by

restricting the number of tceatments to be assessed, the number

of variables to be considered, and/or the number and type of

research subjects to be used.

Despite the conscious emphasis on adapting to an instruc-

tor's purposes, it might be a mistake to assume that FEHR is

completely non-didactic. Like most instructional products, the

FEHR-PRACTICUM system is an implicit operational statement of

the instructional philosophy of its authors. There is a per-

vasive bias which tends to nurture a particular view of the

research process and to encourage the use of some instructional

practices while discouraging others. We believe that the opti-

mal results can be achieved only if FEHR is used in a manner

consistent with its basic structure. Consequently, the remain-

der of this section is devoted to an explication of the more

important beliefs and principles upon which FEHR-PRACTICUM is

based.

a. We believe that the empirical evaluation of educational

programs is inherently a multidimensional process re-

quiring the interrelation 'and synthesis of frequently

conflicting information from a variety of sources. In
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our view, a single measure can almost never provide

adequate assessment of educational effectiveness per se.

In addition, the practical realities dictate that many

factors other than a program's effectiveness in meeting

an objective be considered. For example, the cost of

a program and its degree of support among teachers,

parents, and students must be taken into account. To

complicate the p-rocess still further, there is always

a host of irrelevant variables to divert the researcher/

evaluator's attention from the important issues. In

an attempt to capture some of this multidimensionality,

each FEHR problem contains a variety of variables

(tests) in each of several domains (attitudes, achieve-

ment, etc.), and several subgroups of subjects.

b. We are firmly convinced of the validity of the notion

that we best learn research skills by doing research.

In the area of evaluation and decision-oriented re-

search, we would put the case even more strongly. One

can learn to handle ambiguity and complexi.ty only by

working with ambiguous problems in a complex environment.

Each FEHR problem is designed to provide this kind of

experience. The problem definition supplied in the RFP

is purposely broad and somewhat ambiguous, and there are

always several treatments, many dependent variables

(variables which change as a result of a treatment), and

many moderator variables (variables which do not them-

selves change as a result of a treatment, but which

change the effect of the treatment on one or more

dependent variables).

c. We recognize that for novice trainees it may be pedagog-

ically desirable to begin on a simplified problem.

However, we consciously opted not to provide simple

problem descriptions with only two or three treatments

and a single dependent variable. However, the Game
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Manager or the players themselves may delimit the

problem to provide an equivalent simplifying effect.

It is our belief that a problem which is consciously

delimited in the presence of complexity provides a more

valid v-;ew of research, and consequently develops skills

which are more likely to generalize to field research

than would result from presenting only the delimited

problem without the surrounding details.

d. The above view of the research/evaluation process

suggests that there is no universal research method

which can be learned in a relatively simple context

(e.g., a laboratory), and later applied directly to

practical problems in a variety of settings. Rather

there are a variety of methods and techniques which

must be combined, adapted, and synthesized to meet the

idiosyncracies of a given practical problem. Since

these combinations and adaptations frequently result in

methods which differ in silbstantive ways from the

originals, we call the resultant strategy an idiosyn-

cratic research method.

The FEHR system provides for training in the develop-

ment of idiosyncratic research strategies in twn ways.

First, the eight problems require vastly different

research approaches. Second, within each problem it is

possible to define the research objectives in several

different ways, with each definition requiring a

different research approach.

The need for idibsyncratic methods demands that programs

to train researchers/evaluators emphasize the process

by which a research strategy is developed rather than

the strategy perse. For this reason the entire FEHR

system is designed to create the desire to know and to

provide an opportunity to discover.

2 u
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One can best illustrate the discovery approach by

examining its alternative. It is possible to use FEHR

didactically. For example, a particular research

strategy could be taught by "solving" a FEHR problem in

class, and then asking trainees to practice that solu-

tion method using a different sample of subjects (e.g.,

a different school). While this sort of practice is

undoubtedly useful, we do not believe that it takes full

advantage of the system'spower. Nor does it facilitate

learning how to adapt a theoretical method to a practical

need.

A less didactic procedure which is more consistent

with the training needs would proceed as follows: First,

trainees are allowed to struggle with a problem until

they develop a need for the method to be taught (but

not long enough to become overly frustrated). Second,

the research method is taught utilizing an example

different from the problem with which trainees are work-

ing. Third, trainees adapt the method to their own

problem needs. We are convinced that this "discovery"

approach will result in a greater depth of understanding

and longer retention than more didactic procedures.

f. The discovery approach outlined above requires that a

great deal of individualized instruction be available

during the practicum. The FEHR conSultants are intended

to provide this service. In our experience, intensive

team-by-team consultation provides far greater increments

in learning than a comparable effort expended in large-

class session--even thoughthe le..Lter method covers (at

least superficially) far more material. To supplement

the consultants, some users may wish to make a variety

of programmed materials on research methods available to

the players. Several examples of suitable materials are

listed in the appendices of the Player's Instructions.
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g.

In any case, we believe it is a serious mistake to use

the FEHR system to supplement an existing research/

evaluation course without adopting appropriate.instruc-

tional techniques.

The foregoing emphasis on multidimensionality and com-

plexity encourages teams to devise studies involving

data sets which are considerably larger than those

found in the usual laboratory exercise. The opportunity

to develop skills in this area is a feature of FEHR

which ought to be exploited whenever possible.

h. Despite FEHR's admitted bias towards large data sets,

the sheer size of the research populations, the number

of available variables, and the redundancy of informa-

tion (e.,7., some,problems have seven or eight intelli-

gence tests) encourages the use of sampling for both

subjects and variables. In most settings we would urge

the garr manager to provide further motivation in this

direction by placing reasonable limits on budgets, number

cf subjects, and number of variables.

i. The budgeting aspects of FEHR are considered an.important

and integral part of the practicum. More than any other

element, costs motivate the players to plan their activ-

ities. Budgeting financial resources generalizes to

budgeting of time and (nonfinancial) resources. In fact,

it has been our experience that the various costs

attached to treatments cause trainees to change their

behavior even when they have been told to ignore costs.

For example, most trainees refused to-use the Stanford-

Binet IQ test when they noticed its price ($12.65 per

student) even though they were not being charged for it.

In respect to costs, it is important for the user to

realize that there is an intricate non-linear relation-

ship among test cost, reliability and total experimenta'

cost. The experimental costs can only be compared by
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holding statistical power constant. To get an intuitive

feel for this relationship, assume a matched experi-

mental design in which there is a perfect correlation

between the tre scores of the matched elements. In

this case, all the experimental error is attributable to

test unreliability. Thus, given test A with a. reliabil-

ity of .91 for $3 and test B with a reliability of .84

for $2. Using test B the error variance would be

SQRT(1-rel) or 4/3 times the error using test A. To

maintain statistical power equivalent to that obtained

with test A, we must use 42/32 or 1.77 times as many

people in the experiment. Thus using test B we would

,actually spend $2 X 1.78 = $3.45 for each $3 using test

A

Finally, we believe that the team approach provides an.

added dimension of great value to the FEHR-PRACTICUM

experience. The value is of two sorts. First, our

experience shows that there is a tremendous amount of

intra team teaching and learning during a FEHR project-.

Second, evaluative research in the practical wor'J tends

to be a team project. Consequently, any group-process

skills learned durir9 the practicum will have a direct

and positive carryover. We urge instructors/game

managers to use teams wherever possible. Our experience

shows that the team size should not be smaller than

three nor greater than five. Larger teams tend to break

into subunits with one set of trainees,doing most of

the work. Smaller teams tend to have less verbal inter-

action and hence less opportunity to learn.

Some Difficulties: Need for Further Development

The most definitive finding of the evaluation was that

FEHR projects are most effective when they are an integral part

of a training curriculum. In the previous section we have

spelled out some of the principles by which a beneficial inte-
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gration can be accomplished. However, it should be obvious

that this is a difficult and demanding task. Unfortunately,

many would-be users of theyEHR system have neither the time

nor inclination to make.the necessary adaptations.. What is

required to reach these potential clierts is a didactic and

comprehensive programmed curriculum which utilizes all of

FEHR's unique capacities to teach research/evaluation technielues

and principles in a problem solving discovery macia. The

authors of these materials are currently exploring various

methods of supporting this additional work.
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APPENDIX 3A

BUDGET

Treatments

AUTOMATH

Set-up Cost/40 Subjects
Maintenance Cost/40 Subjects/15 Weeks
Measurement - SATCOMP/40 Subjects

ITBSCONC/40 Subjects

IRA

Sub-Total

Set-up Cost/40 Subjects
Maintenance Cost/40 Subjects/15 Weeks
Measurement - SATC0MP/40 Subjects

ITBSCONC/40 Subjects
Sub-Total

Present Practice

Set-up Cost/40 Subjects
Maintenance Cost/40 Subjects
Measurement - SATCOMP/40 Subjects

ITBSCONC/40 Subjects

$o

12,000.00
12.00
8.00

$12,020.00

$ 800.00
6,000.00

12.00
8.00

$ 6,820.00

$0

0

12.00
8.00

20.00Sub-Total $

Salary

Team #5 Salary/8 Weeks/2 Research Persons 1_5AcIP21K
Sub-Total T-5-XNEW

Security

Security Deposit in Escrow

Miscellaneous

Contingency or Miscellaneous Expenses

2 6 6
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$ 2,000.00
Sub-TotO 2,000.00

$ 1,200.00
Sub-Total $ 1,200.00

TOTAL $27,660.00



APPENDIX 4A

Name

FINAL EXAM. ED. C655, L.S. Collet, Fall 1972.
Part 1. To be done in class.

1. Suppose you have two groups of scores which you wish to test for a signi-
ficant difference in means. If there is an equal number of scores in the
two groups, it is always possible to arrange the scores in pairs. Thus,
it is possible to calculate either a t test for independent samples or

a t test for dependent (paired)
Group 1 Group 2 Difference samples. Use the example at left'

X Y SX-Y) to show how you would calculate

6 3 3
each type of test. It is not nece-

5 4 1
ssary to complete all the computa-

5 2
tions -- just show the formula you

7
would use in each case, and substi-

9 6 3
tute the correct numbers from the

8 7 1
data given at left.

Independent Samples.
zX = 35 EY = 25 ED = 10

-
EX

2
=225 Ey

2'
=135 ED

2
= 24

a 2
= 10 zy

2'
= 10 Ed

2
= 4

Correlated samples (paired scores)

2. Explain how you can tell whether to use a correlated (matched pair) or
independent t test, and give an example of a situation in which each
test is appropriate.

3. It is also possible to compute the significance of the difference in group
means using an analysis of variance (one way classification). Use the
Winer computation formulas at left to complete the summary of analysis
table on the following page. Then use the results to answer questions
4 and 5.

2 (3 7
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4A.2

Winer Formula SUMMAFf OF ANALYSIS OF VARIANCE

(1) G2/pn + = 60*60/(2*5) = 360 Source SS df MS

(2) EX2. 3*3+4*4+...+8*8 = 390

(3) (EA2)/n 252+352 = 370
5

Total
A:between
Error

4. Compare and contrast the F ratio and the t ratio as tests of the significance
of differences in group means.

5. Using the data from examples given in Items 1 and 3, explain how to test for
homogeneity of variance in the two groups. (Use Fmax)

6. Explain the purpose bchind a test for homogeneity of variance, and the
procedure which should follow if the test is: (a) significant (b) not
significant.

7, Explain the difference between accepting the null hypothesis and failing
to reject the null hypothesis. Which terminology do you recommend, and
why?

8. What is the meaning of "random selection" and why is it important to
experimental design?

9. Explain the meaning of:"critical value of t (or z)","critical regicn", and
"region of rejection". (Use a diagram).

10. Name four levels of measurement and explain why it is impprtant to be able
to distinguish among them.

11. Explain the diff-euce between independent variables and dependent variables,
and give an exar to show how these -terms apply to a research problem.

12. Compare and contrast type' 1 error and type 2 error.
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4A.3

PART TWO, FINAL EXAM, ED. C655. THIS SECTION DOES COUNT ON THE FINAL GRADE
FOR THIS COURSE. CAREFULLY READ THE EXPERIMENT DESCRIBED BELOW, THEN ANSWER
EACH OF THE QUESTIONS WITH REFERENCE TO THE INFORMATION GIVEN.

An educator had spent several years developing what he referred to as
an Inquiry approach to teaching social studies. He has now developed a
systematic method of translating a set of educational objectives into an
"inquiry" lesson. He hypothesizes that any teacher who uses the method and
follows the lesson plan developed will produce greater academic achievement
in his students.

To test this hypothesis, the educator arranged a field experiment in a
local school system. Twenty teachers, each of whom has a single social studies
class at the junior high level, agreed to participate in the experiment. These
teachers were rardomly divided into two groups of ten teachers each. The first
group was assigned to the experimental condition (inquiry lessons via the
educator's programmed materials), and the second group were assigned to a
control condition (lessons developed tv whatever methods the teacher usually
used).

The educator and the twenty teachers next selected a body of social-
studies content which was appropriate for the grades concerned, but was not
presently being taught by any of the teachers. Next, they cooperatively
developed a set of instructional objectives based on the content, and two
parallel forms of an achievement'test,measuring the extent to which these
objectives were attained. A trial run with the tests, using students from
another system which ww, studying the content in question, showed that the
two test forms were highly correlated (r+ = +.93) and of equivalent difficulty
(the mean score on test form 1 was 51.2 and on form 2 was 51.4).

Next, each teacher developed his lesson plan according to the condition
to which he was assigned -- experimental teachers used the educator's lesson-
development materials while control teachers used their usual method. The

teachers all taught the chosen content by the lesson plans prepared (above)
during the next eight weeks. At the beginning of the period, each student
was administered form 1 of the achievement test, and at the end of the eight

weeks each student wrote form 2 of the test. The gain score for each student
was then calculated by subtracting the pre-test score from the post-test score.

ANSWER THE FOLLOWING QUESTIONS:

13. One of the educator's statistical advisors suggested that the gain scores
for the two groups of classrooms be entered into one giant t test, with
eac) group containing 10m students, where n is the number of students per
class. (Assume, for purposes of this discussion, that each class had
exactly n=30 students.) The second statistical advisor agreed that a
t test coulJ be used to compare gain scores in the two groups, but he
recommended that the pooled estimate of sigma be based on the original
20 classrooms rather than on two big groups ef 300 students each.

la. How many degrees of freedom would be associated with each t test?

'Method 1 df ; Method 2 df

lb. Which method would result in the larger error, and why?

lc. Which method would you recommend, and why?
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4A.4

14. Still another advisor recommended that the experiment be analyzed as a
simple t test of the mean achievement gain for each teacher. He reasoned
that entire classrooms were the appropriate unit of observation whenever
the experimenter wished to generalize to a teaching method as opposed to
a learnin9 method. Thus in this case, the appropriate n was 10 in the
experimental condition and 10 in the control condition. Obviously, the
single best number to represent a whole class (or teacher) would thus be
the mean of the gain scores for that class.

2a. In the space below, sketch out a diagrammatic representation of
this design, and show exactly how you would go about computing the
t ratio. Use appropriate symbols and formulas throughout.

15. What is your critical reaction to the suggestion in 2, above? Explain

fully.
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APPENDIX 4B

GUIDELINES FOR JUDGING RESEARCH/EVALUATION PROPOSALS AND FINAL REPORTS
USING THE FEHR-PRACTICUM RATING SHEET

The FEHR-PRACTICUM Rating Sheet is an analytic approach to
judging the quality of a proposal or report. The overall strategy
is to improve reliability and validity by requiring the rater to
make separate judgments regarding the presence or absence of various
characteristics considered by experts to be typical of high quality
products. These characteristics are grouped according to the usual
organizational components (e.g., introduction), and assigned arbi-
trary weights reflecting their relative importance to the overall
rating.

Ratinv Instructions. Fill in the blank opposite eacK charac-
teristic listed on your Rating Sheet using the scoring guidelines
listed below. For each characteristic, use the rating opposite the
statement which best describes the product being rated with respect
to the characteristic concerned. When all the characteristics within
a component have been rated, sum the characteristic ratings to obtain
an overall razing, and place it in the box provided, IF THE OBTAINED
SUM IS NEGATIVE, ASSIGN A RATING OF ZERO.

A. Preliminary Materials

1. Title page characteristics.

(a) The problem is precisely identified in the title. Give:

2 points if the title identifies the target population,
the key dependent variable(s), and the critical com-
parisons to be made. Subtract one point for each of
these elements to a minimum rating of zero.

(b) The title is sufficiently concise for indexing. Give:

1 point if the title has 20 words or fewer and contains
at least three keywords which accurately reflect the
contents; otherwise 0 points.

(c) The title is too long or wordy. Give penalty of:

-1 point if the title exceeds 25 words in length; no
deduction otherwise.

(d) The format of the title page is inappropriate and/or there
is incomplete author information. Give penalty of:

-1 pcint if the format does not conform to,the prescribed
standard or, in the absence of a prescribed standard, if
the author is not identified; no deduction otherwise.

2. Tables of contents, figures, etc. Give:

4 points if there is a complete table of contents listing
every major heading in the text and listings which item-
ize all the figures and tables .15-1he text.
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4B,2

3 points if both types of listings (above) are present but
one is incomplete.

2 points if there is a complete table of contents but no
listing of figures/table: OR if both contents and figures/
tables are listed but both are incomplete.

1 point for an incomplete table of contents OR incomplete
figures/tables listing.

0 points otherwise.

3. Characteristics of abstract. (Award all zeroes if length exceeds
assigned maximum.)
(a) The _study purpose is outlined in the abstract. Give:

2 points if it summarizes the major questions to be studied
in terms of relationships among variables.

1 point if it summarizes the questions, but the explicit
relations to be studied are unclear.

0 points otherwise.

(b) The target population is identified. Give:

1 point if the population to whom the results are generalized
is identified.

(c) Major dependent variables identified. Give:

1 point if the number and type of students are described.

0 points otherwise.

(d) The design-is outlined. Give:

2 points if the design is clearly and accurately synopsized.

1 point if a summary statement of design exists, but any one
of the following is missing: sampling procedures, de-
pendent variable(s), independent or moderator variables.

0 points if there is no attempt to describe the design OR
if two or more of the above elements are missing.

(e) The anedytic procedures are outlined. Give:

2 points if the statistical (or other analytic) procedure
used is clearly identified,

1 point if the procedure is mentioned but it is unclear
what was done.

0 pints otherwise.

(f) The key coffparisons are outlined. Give:

2 points if the critical contrasts are explicitly identified.
(It is not necessary that they be labelled.)

1 point if the key contrasts are implied but not explicitly
mentioned.

0 points otherwise.
2 7 2
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4B.3

B. Body of the Proposal

1. Characteristics of the introduction.

An introductory section need not be labelled, but it must
appear within the first third of the body of the proposal or
report. It would normally contain the following elements in any
order and under any label or heading.

(a) A statement of the problem. Many writers have used the
"statement of the problem" label as if it is synonymous to
"background of the study" and/or "purpose of the study".
However, in this document the three terms have distinct
and rather unique meanings, as explicated by the scoring
guides for items (i) through (c). It is important that the
user rate these items along the delineated dimensions. Give:

4 points if there is an explicit statement of the "basic"
or "root" problem. To rate full credit, the statement
should identify, at least in general terms, each of the
following:

(i) the system being studied
(ii) what is presently happening in the system
(iii) what should be happening in the system
(iv) the reason for believing that it should happen

Assign one point for each of the above elements present.

(b) A description of the context or background of the study. Give:

4 points if the questions:- "Why was this study proposed?"
and "What has been done in this area by previous workers?"
are explicitly answered.

2 points if only one of the above questions is answered OR
if the answers are implicit rather than explicit.

0 points otherwise.

(c) The purpose of the study is defined within the first third
of the text. Give:

4 points if there is an explicit statement of the specific
questions to be answered by the study AND all questions
are stated in terms of relationships among variables AND
the questions are consistent with the remaining text.

3 points if the questi!ms are consistent *lith the text and
stated explicitly L-,; not as relationships among variables.

2 points if the questions are explicit but inconsistent-
with the tr 't OR if the questions are consistent but
stated implicitly rather than explicitly.

1 point if there is a Section labelled "purpose", "problem
stateoent", or some synonymous term, which states the
questions to be answered, but most of the questions are
vague or ambiguous.

2 3
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0 points if more than one third of the document must be
read to determine its purpose.

(d) The importance of the study is established. Give:

2 points if there is an explicit statement of the potential
benefits of the study.

1 point if the statement is implicit rather than explicit.

0 points otherwise.

(e) The scope of the study is delimited. Give:

2 points if there is an explicit statement explaining why
the study vls focused on the particular population
and variables chosen.

1 point if it is clear why these were chosen but no explicit
explanation is made.

0 points otherwise.

(f) The major assumptions and limitations are identified. Give:

4 points if the introductory section contains an explicit
mention of all the important assumptions which under'lie
the study AND/OR the important limitations and weaknesses
of the study.

3 points if the above statement appears after.the intro-
ductory section -- e.g. in the results or discussion
sections.

points if there is implicit rather than explicit discussion
of the assumptions and/or limitations OR if no discussion
exists but the rater cannot identify potentially dangerous
assumptions or limitations.

1 point if the rater can identify one critical assumption
or limitation (i.e., one which would dWnitely change
the thrust or interpretation or validity of the study)
which has not been discussed.

0 points if there is no discussion of assumptions or limi-
tatiAs in the entire study AND the rater can identify
important assumptions or limitations (i.e., ones that
might change the thrust or interpretation or validity of
the study).

NOTE. In many :=,-tudies a section of text which provides definitions
T5T-Terms with unique or restricted technical meanings appears in or
near the introduction. Since these meanings are closely related to
the overall strategy or conceptual framework of the study, they are
evaluated under that heading-rather than here.

2 '4-4
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(g) The material within the introductory section lacks logical
interrelations. Give penalties of:

C points if the material presented is smoothly connected
and many of the above characteristics are present and
individually meaningful, but there are inconsistencies,
contradictions or ambiguities among characteristics.

-2 points if it would be necessary for the average member
of the intended aldience to read the section several
times to determine what the study is about. (Do not im-
pose this penalty if the re-reading is necessary because
the reader does not have the background knowledge common
to the writer's intended audience!)

-4 points if even after successive readings the average
member would be uncertain about the study's purposes.

-8 points if after successive readings the average reader
in the intended audience would have no idea what the
study is about.

2. Characteristics of the review of the related literature.

(a) The articles reviewed are clearly related to the study.
Give:

4 points if there are more than five articles (or reports
or books) reviewed and all of them are clearly related
to the study. When fewer than five studies are reported,
full credit is given only if every study is at least
marginally related AND there is evidence of a thorough
search (e.g., Education Index, Psychological Abstracts,
and ERIC for at least the last five years).

3 points if only 3-5 clearly-related articles are reviewed
without evidence of a thorough search OR if there are
more than five articles reviewed with the majority clearly
related to the study and none (bsolutely irrelevant OR
if 1-3 related articles have !..,een reviewed but there is
evidence that a thorough search has been made. (It is
explicitly assumed that there will always be some relevant
theory or practical experience to discuss.)

2 points if there are at least five clearly-related studies
but also one or more absolutely irrelevant studies in-
cluded OR if one or more absolutely irrelevant studies
are included with fewer than five clearly-related studies
and evidence of a thorough search.

1 point if only marginally related articles are presented
without evidence of a thorough search.

0 points if no material is reviewed OR *V! none of the above
statements aprly.

2 7 z-ye-
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(b) The methods (logical analyses, research procedures, and
data analyses techniques) used in the reviewed articles
are critically evaluated. Give:

4 points if the review indicates the methods used in each
study and makes explicit substantive evaluations of their
adequacy. However, it is not necessary to make such
comments about each article separately; it is, in fact,
preferable to group studies with common themes amd/or
methods and evaluate them as a group.

3 points if the substantive evalaation (above) occurs but
the minority of the criticisms are not supported in con-
text (but do appear logical).

2 points if the evaluations occur hut more than half are
unsupported, OR if there are well supported evaluations
for about half the articles and none for the others, OR
all evaluations- occur but many are picayune or unsubstan-
tiated.

(c) The articles reviewed are representative of the domain
studied. Give:

c points if there is evidence that the reviewed materials
cover all the major developments in theory, research, and
practice during at least the last five years which have a
direct bearing oiTtEe--Eudy. Light coverage of an area
is permissible only if there is explicit evidence that
little has been done.

2 points if there is one of the above areas missing without
evidence that no work has been done in the area.

1 point if two of the above areas are missing without evi-
dence that no work has been done (e.g., suppose only the
research articles have been reviewed).

0 points otherwise.

(d) The articles reviewed are grouped in logical order. Give:
4 points if the reviewed articles are grouped by common

themes and evaluated and/or interpreted by groups in a
/logical order. If only four or five studies are pre-
/ sentee, full marks could be obtained only if there is

; evidence of a thorough search -- in this case it is only
\ necessary for the articles to be discussed in a logical

order.

2 points if there is some avoidable redundancy in artiCle
descriptions and/or evaluations but it does not add more
than 20% to the time required for reading the review.

0 points if the redundancy Yids more than 20% to the time
required for reading the review.
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(e)" The review is summariz-A and synthesized. Give:

4 poirts if there is a summary presented which points out
the areas of agreement and disagreement among articles
within each area (theory, research and practice), and
demonstrates how the material from each of the areas
relates to the problem being investigated.

2 points if the.above summary exists but there is no ex-
plicit statement of its relationship to the problem OR
if adequate summaries of the various areas (theory,
search and practice) are present but no attempt is made
to interrelate them.

0 points if neither of the above statements is applicable.

(f) Relevant studies are missing from the review. Give penal-
ties as outlined to a maximum of -8.

-1 point for each missing directly-related article (book,
etc.) which was listed during the last five years in
Education Index, Psychological Abstracts, ERIC, or any
other reference-commonly used by the audience concerned.

-2 points for each missing article (hook, etc.) from any
source commonly available to the intended audience which
would substantively alter the study or its interpretation.

3. Characteristics of the conceptual framework or rationale.

(0 There exists a statement of the principles from which the
study plan derives. Give:

4 points if the study contains a section which clearly ex-
plains why each of the specific variable relationships
(specific hypotheses) to be evaluated in the study was
chosen. The sectic,1 need not have a separate heading,
but labels such as "rationale", "conceptual framework",
"strategy", and the like are common.

3 points if the above explanations exist, but do not appear
in a single unit of text (e.g. there is a separate
rationale for each hypothesis):

2 points if there is an explicit attempt to explain each
choice but the reasons for one or more of the selections
remain UF lear OR if there is no explicit explanation
but all choices are explained in context.

1 point if there is nc explicit explanation and most, but
not all, of the choices are explained in context.

0 points if none of the above statements is applicable.

(b) The principles in (a) are derived from the theory and re-
search reviewed. Give:

4 points if there is an obvious relationship between the
reviewed literature (or the review summary) and the
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conceptual framework OR if an explicit statement ex-
plaiwing the relationship is provided. To obtain full
maAs here, section (a) must have obtained at least a 2
rating (i.e., a > 2).

2 points if no conceptual framework (i.e., a < 2) between
the reviewed literature (or the review summary) and the
variable relationships (hypotheses) to be evaluated is
either obvious or explicitly explained.

0 points if neither of the above statements is applicable.

(c) The principles from which the study plan was derived form
a coherent unit. Give:

4 points if there are listed principles (i.e., a > 2)
which fit together naturally or are explicitly integrated
and synthesized to form a coherent viewpoint. A set of
principles are coherent if data providing direct support
for the validity of one principle tends to be supportive
of every other principle.

2 points if most of the principles are coherent (in the
above sense) but some appear to 11.: entirely discrete
and independent OR if there is no explicit statement of
the conceptual framework (i.e., a < 2) but the variable
relationships (hypotheses) to be evaluated form a co-
herent set:

0 points if neither of the above statements is applicable.

(d) The principal criteria get at the main purpose or objec-
tives of an educational enterprise while the modifying
criteria get at the practical background factors (such as
cost, convenience, and time involved) and/or the unintended
consequences of the enterprise (e.g., parent hostility).
Give:

4 points if both kinds of criteria are included and an ex-
plicit distinction is made as to their use in inter-
preting data. (The labels "principal" and "modifying"
need not be used.)

3 points if both kinds are included and their use is clear,
but the distinction is implicit rather than explicit.

2 points if both kinds of criteria are present, but it is
not clear how they will be used in "solving" the stated
problem.

0 points if none of the above statements is applicable.
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(e) The substantive research hypotheses are stated, or, in the
case of a non-experimental study, the probable result
patterns' are stated and the implications of each pattern
explained. Give:

4 points if there is a set of explicit and unambiguous
statements of substantive hypotheses or probable result
patterns which is consistent with the purpose(s) of the
study and which provides comprehensive coverage of the
questions the study was intended to answer. In addition,
each hypothesis or result pattern should be:

(i) referenced to a specific target population.

(ii) stated in terms of relationships among
variables.

(iii) concerned with observable variable and/or
operationally defined constructs.

(iv) (hypotheses but not result patterns should
be stated in an "if then" form.

3 points if elements (i) and/or (iv) are missing OR if
element (iii) is missing for a minority of variables.

2 points if any two of the following element-sets are
missing: (i) and/or (iv), (ii), (iii); OR if there is
a set of statements which possess all the character-
istics of a 4 rating except that the set covers a ma-
jority but not all of the questions which the study
was intended to answer.

1 point if there is a recognizable attempt.to provide a
statement of substantive hypotheses or result patterns
which does not possess enough of the listed character-
elements to merit a 2 rating.

0 points if none of the above statements are applicable.

(f) The specific or unique terms used in the study are defined.
Give:

2 points if all the terms encountered should be clear to
the intended audience because they are already familiar
or because they have been defined (either in context or

a specially labelled section).

1 point if there is an explicit attempt to define terms,
is incomplete or ambiguous.

1 The term "probable result patterns" refers to the particular kinds
of interrelationships among variables for which the experimenter
intends to seerch. It is preferable for the educational meaning
of each of patterns to be pre-specified for the same reasons
as planned a,liparisons are preferable to post hoc comparisons in
an experimental study.
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(g) There is an explicit criterion of success. Give:

4 points if there appears in the text a statement or state-
ments which either explicitly or implicitly define(s)
a decision rule for determining whether the purposes of
the study have been fulfilled.

4. Characteristics of the method or procedure.

(a) The subjects are described. Give:

2 points if there is e .:es,-iption of the pool of subjects
from which the resE ...nples were chosen. It should
specify the distribu, e characteristics salient to
tho problem (usually $1/4,'. things as age, educational
level and the like). If this pool of subjects is not
the (entire) target population, .p.a" se, there must also
be an ;,.ssessment of its representatiWness of that
population.

1 point it there is a description, but it omits one or
more salient characteristics.

0 points if neither of the above statements is applicable.

(b) The sampling procedure is described. Give:

2 points if the description which is sufficiently detailed
to permit replication.

1 point if there is a clear description, but insufficient
detail for replication.

0 points if neither of the above statements is applic.tle.

(c) The sampling is representative. Give:

4 points if the sampling will allow valid generalization
to the target population OR if a rational argument for
assuming valid generalizatfon is presented.

2 puints if there is a mild bias in the representativeness
of the sampling, but this should not affect validity.

0 points if neither of the above statements is applicable.

(d) The design of the stAy is described. Give:

4 points if the design is described with sufficient detail
and accuracy to permit complete replication.

3 points if there is sufficient description to permit
replication of the main elements of the design but some
details are missing.

2 points if there is a coherent design description but it
would not permit replication of one or more of the main
design elements.
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1 point if there is a section labelled "design", but it
is ambiguous or unclear.

0 points if none of the above statements is applicable.

(e) There is design rationale. Give:

2 points if there is a section which:

(i) explains why the particular design was chosen.
(ii) assesses the validity of the design chosen.

Subtract one point for each of the above elements missing.

(f) The variablet- are not operationally defined. Penalties
are assessed for each derAent, independent, or moderator
variable which is NOT oporationally defined in terms of
observable criteria. Give penalties of:

-2 points for each variable concerned with a primary hy-
pothesis.

-1 point for each variable concerned with a secondary hy-
pothesis.

THE MAXIMUM PENALTY IS -4.

(g) The design provides the critical comparison groups. Give:

2 points if the design provides for a control group and
separable groups for each treatment to be assessed.

0 points if the above statement does not apply.

(h) The lesign provides for valid comparisons. Give:

2 points if all critical comparisons implied by the (de-
limited) objectives (problem or purpose) of the study
can he assessed within the design. If there are possible
confoundngs, a rational argument for assuming the ef-
fects of confounded variables wre negligible must be
given.

1 point if cmfoundings occur without supporting arguments,
but sui, trguments could be made.

0 points f neither of the above statements is applicable.

(i) Some sources of invalidity are uncontrolled. Give a
penalty of:

-2 points for each'uncontrolled source of invalidity which
threatens the main purpcs of the study.

-1 point for each uncontrolled source of invalidity which
threatens the secondary purnoses of the study.

THE MAXIMUM PENALTY IS -4.
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(j) The instrumentation is described. Give:

2 points if each instrument (test, questionnaire, obser-
vation) is described.

1 point.if most but not all instruments are described.

0 points if neither of the above statements is applicable.

(k) Instruments are assessed for reliability and validity.
Give:

4 points if there is an explicit assessment of the re-
liability and validity of each instrument used.

3 points if there is only an assessment of validity (for
one or more instruments).

2 points if there is only an assessment of reliability
for one or more instruments, OR if there are complete
assessments for a majority of instruments.

1 point if there is ari explicit assessment of reliability
or validity for one or more instruments.

0 points if none of the above statements is applicable.

(1) The instrumentation is unsuitable. Give a penalty of;

-2 points for each instance of an instrument which is ir-
valid for its intended use.

-1 point for each instance of an inappropriate but not
(completely) invalid use of an instrument.

0 points if neither of the above statements is applicable.

(m) The data collection procedures are described. Give:

2 points if the questions "which instruments?", "who ad-
ministered?", "when", and "to whom" are answered for
each data set.

1 point if any three of the above questions are answered.

0 points if neither of the above statements is applicable.

(n) The data matrix is defined. Give:

2 points if there is a schematic representation of the
data matrix OR if the description is complete enough
to permit such a schematic to be constructed.

1 point if there is an inaccurate or incomplete schematic.

0 points if neither of the above stements is applicable.

(o) The analytic procedure is described. Give:

4 points if the description is complete enough to permit
replication of the analysis attd if there is a rationale
explaining why the procedure was considered most appro-
priate.
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3 points if only the rationale is missing from the above
but the procedure concerned is commonly used for similar
purposes.

2 points if only the rationale is missing from the above
and the procedure concerned is not commonly used, OR if
a rationale is present but the description is insufficient
to permit replication of the analysis.

1 point if there is an attempt at describing the analytic
procedure which does not satisfy any of tl above state-
ments.

0 points if none of the above statements is applicable.

(p) The analysis evaluates all hypotheses. Give:

4 points if every hypotheses is explicitly evaluatA by
some contrast or meavoed relationship. (This need not
be a valid contrast or measure to obtain marks.)

2 points if all primary hypotheses are directly evaluated
but one or more secondary hypotheses are evaluated in-
directly, OR if there are redundant (statistical) tests
using a priori probabilities.

0 points if neither of the above statements is applicable.

(q) The analysis is efficient. Give:

4 points if the analysis uses the minimum valid estimate
of error in evaluating comparisons. That is, it maxi-
mizes the statistical power of the test (without changing
the significance level).

3 points if the analysis is the most efficient (powerful)
of the procedures available to the researcher (e.g.,
univariate ANOVA when MANOVA is called for but not
available on the local computer).

2 points if the analysis is not the most efficient (powerful)
available, but it is reasonably efficient and/or con-
sistent with common practice.

0 points if none of the above statements is applicable.

(r) The analytic vocedures are inappropriate or invalid for
the studyrs purpose(s). Give penalties of:

-2 points if the procedure will probably lead to an erroneous
conclusion with respect to one secondary hypothesis.

-4 points if the procedure will pro'oably lead to an erroneous
conclusion with respect to more than one secondary hy-
pothesis.

-6 points if the procedure will probably lead an erroneous
conclusion with respect to one important hywttosis but
is solAnd with respect to the study's major purpose.
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-8 points if the procedure will probably lead to an erroneous
conclusion with respect to one or more of the study's
major purpose, but can provide some valid conclusions.

-10 points if the pr,cedure cannot lead to any valid con-
clusions and will probably lead to erroneous conclusions
with respect to the study's major purposes.

NOTE: Sections 5 to 7 would normally appear in proposals but not
in final reports.

5. Characteristics of the budget.

(a) The source of each item estimate is clear. Give:

2 points if it is obvious how each estimate was computed.

1 point if it is obvious for most items.

0 points if neither of the above statements is applicable.

(b) The standard items are present. Give:

2 points if all items in the guidelines given by the
funding agency are present.

1 point if all items are covered but the itemization differs
in unimportant ways from the guidelines.

0 points if the itemization differs substantively from the
guidelines.

(c) Probable costs of delays or increased prices/wages are
anticipated. Give:

2 points if the effects of inflation/deflation and probable
delays.

1 point if an attempt has been made but it is incomplete.

0 points if there is no attempt or an inadequate attempt.

(d) The expenses and probable resources balance the needs of
an adequate project. Give:

2 points if the budgeted amount appears reasonable for the
purpose concerned.

1 point if the amount is too low to permit an adequate job
or too high to be justified providing the deficiency or
excess does not exceed 20% of the total contract.

0 points if the amount is deficient or excessive by factors
greater than 20%.

(e) The cost effectiveness of the proposed study is assessed.
Give:

2 points if there is an explicit and comprehensive at mpt
to demonstrate.the cost effectiveness of the proposed
project.
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1 point if there is an explicit attempt which is less
than comprehensive.

0 points if neither of the above statements is applicable.

6. Characteristics of lc...stics section.

(a) A schedule of activities is provided. Give:

2 points for a comprehensive schedule.

1 point for a less than comprehensive schedule.

0 points if neither of the above statements is applicable.

(b) The planned work distribution is proportional to the man-
hours available. Gi---

2 points if these eleh:ents appear balanced throughout.

1 point if there is a mild increase or decrease in work
with no change in resources.

0 points if there is a sharp increase or decrease in work
with no adjustments to staff.

(c) There are sufficient personnel available. Give:

2 points if there is evidence that persons with the needed
skills will always be available at the times needed.

1 point if there is some possibility that .2mpetent per-
sonnel will not be available.

0 points if it is likely that competent personnel will
not be available as needed.

(d) Possible bottlenecks have been anticipated. Give:

2 points if all probable bottlenecks are explicitly planned
for (OR if no probable bottlenecks exiSt).

1 point if an incomplete plan for ha.Aling bottlenecks is
present.

0 points if neither of the above statements is applicable.

(e) The proposed sequence is logical and efficient. Give:

2 points if the sequence makes optimum use of resources,
and appears.likely to work smoothly and well.

1 point if there is a workable plan with less-than-optimum
use of resources.

0 points if neither of the above statements is applicable.

7. Characteristics of personnel.

(a) The major personnel are named. Give:

3 points for a complete list.
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1 point for an incomplete list.

0 points if neither of the above statements is applicable.

(b) The responsibilities of all major personnel are defined.
Gin:

4 points for a compiehensive definition of responsibilities.

2 points for an incomplete list of responsibilities.

0 noints if neither of the above statements is applicable.

(c) There is evidence of the competencies possessfA by each of
the major personnel. Give:

3 points if there is a complete (summary) vita for each
major personnel member.

2 points if one of the vita's is sketchy or incomplete (but
not missing).

1 poirt if one vita is missing, OR if more than one vita ia
sketchy or incomplete.

0 points if none of the aboVe statements is applicable.

(d) The (major) personnel are inadequate for the proposed pro-
ject. Give a penalty of:

-2 points if a minority of the personnel appear competent,
but lacking in experience.

-4 points if a majority of the personnel appear competent,
but lacking in experience.

-6 points if a minority of the personnel are lacking in com-
petence with respect to their assigned tasks.

-8 points if a majority (but not all) of the personnel are
lacking in comp e with respect to their assigned tasks.

-10 points if the enGlre set of personnel appear to be lacking
in most of the prerequisite skills.

NOTE: Sections 8 and 9 apply 1;3 a final report but not to a proposal.

8. Characteristics of the ..esults (statistical conclusions).

(a) There is a result presented for each hypOthesis (or relation).
Give

4 points if every results are explicitly presented for each
hypothesis.

3 points if all hypothesis results are covered, but some
are implicit rather than explicit.

2 points if results are presented for all but a minor or
secondary hypotheses.
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1 point if most hypothesis results are presented, but some
important hypothesis results are not.

0 points if none of the above statements is applicable.

(b) Explicit statistical conclusions are stated for each hy-
pothesis. Give:

2 points if each result presented includes a statement
(either in the text or in a table) of the significance
or non-significance of the comparison or relationship
evaluated and the direcjon of all significant findings.

1 point if significance, but not directionality. s pre-
sented for one or more of the results, OR if significance
was presented ir_dlicitly, but not explicitly for some of
the -esults.

0 points if neither of the above statements is applicable.

(c) There are nea ,.. concise displays of all r:.=Allts. Give:

2 points if all results are presented in neat, concise
style with tables used whenever this was advantageous.

1 point if a minority of results were presented in un-
necessarily redundant or wordy style CR if the results
are complete but tables would have added to the clarity
and/or conciseness.

0 points if neither of the above statements is applicable.

(d) The organization of the results is logical. Give:

6 points if the results are organized in clear, lo6ical,
easy-to-read style which minimizes the need for recursive
reading (looking back).

4 points if the overall results are clear, but either the
style'requires recursive reading which adds less than 25%
to the reading time required, or if there are minor am-
biguities in the text caused by poor connectives or poor
sequencing.

2 points if the organization and style requires an amount
of recursive reading which increases reading time by
25-50%, or if major ambiguities are caused by poor con-
nectives or poor sequencing.

0 points if none of the aboVe statements is applicable.

(e) Explanatory graphs or diagrams are used to clarify meaning.
Give:

4 points if all needed graphs (etc.) were included in clear
readable form.

3 points if the needed graphs (etc.) are present but could
be improved in format.
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2 points if some needed graphs (etc.) are absent but those
presented are clear and readable.

1 point if there is any use of grar or diagrams which adds
to clarify but does not satisfy dny of the above state-
ments.

0 points if none of the.above statements is applicable.

(0 The results ere summarized, conflicts are recon"ciled, and
an overall synthesis proVided. Give:

12 points if there are portions of text which clearly and
succinctly summarize and synthesize all the results pre-
sented.

9 points if the summary is complete but the text could be
more succinct, OR if there is a succinct summary and
interpretation of individual findings but only a weak
synthesis, OR if there is a succinct, complete summary,
and an aderNate synthesis, but a minor conflict in re-
sults has not been resolved.

6 points if all results are summarized and interpreted
separately, but there is no attempt to interrelate or
synthesize the findings.

3 points if there is a section la'oelled "summary" ur the
like wVch does not satisfy any of the above statements.

0 points if none of the above statements is applicable.

Kg) There are procedural errors in the results -- that is errors
which will always lead to erroneous conclusion. Give
penalLies of:

-2 )cints for each inaccurate or invalid statistical con-
clusion and/or each invalid interrelationship (synthesis)
of statistical conclusions.

-5 points additional penalty if the major eported con-
clusion(s) are in error.

THE MAXIMUM PENALTY IS -10.,

Characteristics of the educational conclusions and implications.

ka) An educational meaning is provided for each statistical
conclusion. Give:

4 points if explicit educational interpretations are pro-
vided for all statistical conclusions (not necessarily
separate or in the same order).

3 points if all interpretations are provided but one or
more are implicit rather than explicit.

2 r,' if all but a few minor interpretations are pro-
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1 point if an obvious attempt has been made to provide
interpretations, but none of the above statements is
satisfied.

0 points if none of the above statements is applicable.

(b) The discussion and presentation is objective, not
subjective. Give:

4 points if the presentation is entirely objective, free
from biases such as selection of only agreeable facts
or treating all unconfirmed hypotheses as type 2 errors.

3 points if there are occurrences of subjectivity, but these
do not substantively affect conclusions.

2 points if the presentation is objective except for the
treatment of one or more unconfirmed hypotheses as if it
were necessarily due to a tYpe 2 error -- that is the
non-significance was considered due to poor instrumen-
tation, small n and the like without entertaining the
possibility that the effects really were zero.

0 points if none of the above statements is applicable.

(c) The pattern of results is interpreted. Give:

4 points if there is an explicit and logical attempt to
integrate the overall meaning of the pattern of results
(as opposed to a discrete interpretation of-each separate
finding) that was "built in" to the design nd analysis
on an a priori basis.

3 points if there is an explicit and logical integration of
the pattern.of the results on a post hoc basis.

2 points if there is any explicit attempt to interpret the
overall pattern as an entity which does not satisfy either
of the above statements.

0 points if none of the above statements is applicable.

(d) The cost effectiveness of the various decision alternatives
are assessed. Give:

8 points if there is an explicit assessment of the cost
effectiveness which possesses the following features:

(i) it includes all the important dependent vari-
ables available (must be more than one).

(ii) it defines the relative importance of each de-
pendent variable.

(iii) it provides a rule or formula for transforming
the raw multivariate data into a single score
with interval properties which represents the
degree to which the overall objectives has been
met.
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(iv) it provides comparable data on the cost of
each decision alternative.

(v) features (iii) and (iv) are combined to give
a single numeric representation of cost effec-
tiveness.

6 points if there is an explicit assessment which possess
all but features (iii) and (v) above, but which does
possess a decision rule which permits all possible out-comes to be ordered (but not scaled as above).

4 points if there is an explicit decision rule which orders
the obtained (but not all possible) outcomes according
to criteria which TrWrolve both features (i) and (iv).

2 points for any explicit attempt to assess cost-effective-
ness which does not satisfY any of the above statements.

0 points if none of the above statements is applicable.

(e) The conclusions and implications are valid. Give:

4 points if the conclusion and implication are complete,
and each is valid for the populations specified (or if
not specified, for the original target population).

3 points if the major conclusions are complete and valid,
but there is some question about the validity of one or
more secondary conclusions or the implications.

2 points if the conclusions and implications are valid,
but some important and rather obvious conclusions/inter-
pretations are omitted, OR if they do not apply to all
members of the specified population.

1 point if there are explicit conclusions which have not
been generalized beyond the experimental data, but Which
do not satisfy any of the above statements.

0 points if none of the above statements is applicable.

(f) There are misinterpretations of the results of the analysis.
Give penalties of:

-1 point for each misinterpretation which does not affect
the substantive conclusions.

-2 points for each misinterpretation which affects a sub-
stantive conclusion, but does not change the major con-
clusions, decisions or recommendations.

-5 points for each misinterpretation which affects the major
conclusions, decisions or recommandations.

NOTE: Section 10 is an overall qualitative judgment which applies
to both proposals and final reports.
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10. Characteristics of the general evaluation.

(a) The study is physically neat and orderly. Give:

2 points if the entire study is neat and orderly.

1 point if most of the study is neat and orderly, OR if
the study is uniformly moderately neat.

0 points if neither of the above statements is applicable.

(b) The style is acceptable to the audience for which it was
intended. Give:

5 Pents if it meets the style requirement in all respects

3 points if there are minor deviations from the style re-
quirement:), but these require only a moderate amount of
editing.

1 point if there are substantive changes, major reorgan-
izations or additions necessary to meet the style re-
quirements.

0 points if none of the above statements is applicable.

(c) Appropriate citations are given in the text. Give:

3 points if citations are given whenever other persons
work is used.

2 points if citations are given for major works, but not-
for those used for secondary purposes.

1 point if one (but not all) of the citations related to
a major study purpose is omitted.

0 points if more than one citation related to a major pur-
pose is omitted.

(d) The organization makes the study as a whole, clear and
readable. Give:

5 points if it is of superiorclarity and readability.

4 points if it is of good clarity and readability.

3 points if it is of adequate clarity and readability.

2 points if it is of less-than-adequate clarity and
readability.

1 point if it is of poor clarity and readability.

0 points if it is of unacceptable clarity and readability.

(e) The study as a whole is replicable. Give:

5 points if the entire study can be completely replicated.

4 points if the entire study can be replicated except for
unimportant details.
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3 points if the major themes can be replicated ba the
minor themes cannot.

2 points if most of the major themes can be replInted
but some cannot.

1 point if at least one major theme is replicablv bUt
none of the above statements is applicable.

0 points if ho major theme of the study is repliOble.

C. Supplementary Materials

1. Bibliography. Rate the adequacy of the bibliography kttording
to the following key:

5 Superior

3 Adequate

1 Inferior

0 No bibliography

2. Rate the additional explanatory powers of the appende4 44ta
according to the following key:

10 Compensates for most weaknesses in the text.

8 Compensates for one major weakness or a majorN/ of
weaknesses in the text.

6 Compensates for a number of important weakneefi0;5 in
the text.

4 Compensates for one important weakness in the -koct.

2 Minimal explanatory power added.

0 No explanatory power added.
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APPENDIX 4C

Name

Self Assessment of Research and Evaluation Skills

QUESTIONNAIRE

THE FOLLOWING ITEMS SAMPLE A WIDE RANGE OF KNOWLEDGE AND SKILLS IN
ORDER TO ASSESS THE DIFFERENCES BETWEEN THE TWO DIFFERENT LAB TECH-
NIQUES WE HAVE USED THIS TERM. THE ANSWERS WILL IN NO WAY AFFECT
YOUR COURSE GRADE -- NOBODY IS EXPECTED TO BE COMPETENT IN ALL THE
SKILLS TESTED. NEVERTHELESS, WE ASK THAT YOU DO YOUR BEST TO REP-
RESENT YOUR COMPETENCE, INTEREST, AND IMPORTANCE RATINGS ACCURATELY.
THEY WILL BE OF GREAT HELP IN EVALUATING THE LABORATORY TECHNIQUES.
ALL RESULTS WILL BE AVAILABLE TO INTERESTED STUDENTS EARLY IN JANUARY.

INSTRUCTIONS.

On page 2 are a list of tasks, with three blanks appearing before
each listed task. Please indicate your competence, interest, and
importance rating for each task by entering a number from 1 to 5 in
each blank according to the following key:

Under COMP (blank 1) Indicate your competence to do the task listed by
entering:

1 -if you have no competence, are completely unable to do the task.
2 -if you have minimum competence, can do the task with great

study or by hiring a consultant.
3 -if you have moderate competence, can do the task acceptably with

a minimum amount of study, can do it well with considerable
study and little outside help.

4 -if you have high competence, can do the task well with minimal
study, can do exceptionally well with extensive study and no
outside help.

5 -if you have superior competence, can do an exceptionally fine
job with only minimum (or no) study.

Under INT (blank 2) Indicate your interest in doing this sort of task
by entering:

1 -if you have negative interest, find the task repugnant, wish
to avoid it.

2 -if you have no interest in the area, but do not actively avoid
it.

3 -if you find the area somewhat interesting, or desire to do it
to reach some desirable end -- even though the task Elmse is
not appealing to you.

4 -if you find the area moderately interesting per se, or highly
desirable as a means to an end.
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5 -if you are highly interested in the task in and of itself.

Under IMP (blank 3) Indicate the importance of this task in your
career, as presently planned, by entering:

1 -if you believe the task is of no importance in your planned
career, (or if you consider it irrelevant to your professional
performance.

2 -ifthe task is of minimal importance, needs performed only
occasionally, and/or the task is an unimportant aspect of your
professional performance.

3 -if the task is moderately important, is relevant but not crucial
to your professional performance.

4 -if the task is highly important either because it must be done
frequently or because it is of necessary to adequate professional
performance.

5 -if the task is crucial to adequate professional performance,
regardless of frequency.

COMP INT IMP LIST OF TASKS:

(_) (_) (_) 1. Choose between the independent and matched pair t
test, and perform all computations.

(_) ( ) (
--

) 2. Compute and interpret a one-way analysis of variance.

(_) (_) (...) 3. Compute and interpret a two-way analysis of variance.

(_) ( ) ( ) 4. Compute and interpret a correlation coefficient.

(_)
- _) 5. Use a "canned" computer program to do simple analyses

such as 1-4, above.
(_) ( ) (_) 6. Select a sample randomly, and/or use stratified_

random sampling.
(_) ( ) ( ) 7. Discuss the concept of regression towards the mean

and it affects a given experiment of your own design.
(_) (_) 8. Describe the central limit theorem and suggest its

implications for an experiment of your own design.
(_) (_ ) ( ) 9. Contrast statistical significance with substantive

(educational) significance, and give an example of
each.

(_) (_) (_) 10. Compare and contrast type 1 and type 2 error.

(_) ( ) ( ) 11. Select samples and analytic procedures to optimize
the probabilities of type 1 and type 2 errors for a
particular problem of interest.

(_) (_) (_) 12. Compare and contrast four levels of measurement, anth
classify any given example according to its level of
measurement.

() ( ) ( ) 13. Compare and contrast null hypothesis, one-tailed
hypothesis, and two-tailed hypothesis.
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(_) (_)

(_) (_)

(_)

(_) (_)

(_) (_)

(_)

IMP LIST OF TASKS:

(_) 14. Select cut-off points on a continuous selection
variable (such as IQ) so as to have a .05 proba-
bility of excluding a student whose true score was
equal to or less than a given score (e.g. 85 IQ).

(_) 15. Conduct an N-way analysis using a canned computer
program.

( ) 16. Conduct a one-way analysis of covariance using a
canned computer program.

( ) 17. Prepare data for analysis by computer by recording
it in a usable format on computer punch cards, or
by recording it on a tape or disk file.

( ) 18.-Describe the meaning of statistical power, and
recommend 2 ways to increase power.

( ) 19. Compare and interrelate confidence intervals,
critical region, region of rejection and level of
significance.

(_) 20. Describe the effect of truncation on a correlation
coefficient and find some articles or reported
research in which truncation (e.g., a ceiling effect
or floor effect) have caused errors of interpreta-
tion.

(_) (_) ( ) 21. Compare and contrast standard error of measurement,
standard error of the mean, and standard error of
the difference (in means).

(_) 22. Describe the relationship between reliability and
validity.

(_) 23. Describe the concept of degrees of freedom, and
give a rule for finding the df in a given case.

( ) 24. Distinguish among dependent variables, independent
variables, predictors, and criteria.

(_) 25. Distinguish among main effects, interactions, simple
main effects, and confounded effects.

(_) 26. Write a researchable hypothesis in operational terms.

(_) 27. Decide from the nature of the question what the
design should be -- even though you may not be com-
petent to analyze it.

(_) 28. Distinguish between internal and external validity
for an experiment, and give several sources (threats)
of each type of validity.

(_) 29. Distinguish between ex-post-facto post hoc experi-
ments and a-priori experiments, giving the advan-
tages and disadvantages of each.

( ) 30. Contrast a linear and curvilinear relationship
between variables, and give an example of each.

(_) 31. Compare and contrast norm-referenced and criterion-
referenced tests and give examples of legitimate
uses of each type of measure.
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COMP INT IMP LIST OF TASKS:

( ) 32. Distinguish between obtrusive and unobtrusive mea-
sures, give an example of each, and name the advan-
tages of each for experimental purposes.

( ) 33. Obtain the necessary information to judge the worth
and utility of a given test, as compared with the
highest measurement standards.

(_) 34. Design and conduct a study to establish the construct
validity of a new test, i.e., to test the extent to
which the pattern of results agree with the theory
upon which the test is built.

( ) 35. Critically review an experiment in accord with the
highest standards of scholarship.

( ) 36. Construct a questionnaire free of major sources of
error.

(_) 37. Organize and report a formal review of the literature
in a field of interest to you.

(_) ( )

() ( )

(_) (_)

(_) (_)

() (_)

() (_)

4C.4

( ) ( ) ( ) 38. Prepare and submit a formal proposal for funded re-
search to a government agency or educational foun-
dation.

( ) ( ) ( ) 39. Plan and execute an experiment to determine the_ _ _
extent to which a given educational program is
meeting its goals.

( ) ( ) ( ) 40. Complete a dissertation in my area of interest,_ _ _
according to the standards established by your
program.
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APPENDIX 4D

Education C6SS: LABORATORY EXERCISE #1

L. S. Collet

PART I: Data The ten students in Miss Smith's class were each given standard-

ized texts of arithmetic (X) and geography (Y) with the results

tabled 'below. Fill in the blanks below using the most efficient

formulas and procedures for the data given.

X Dev. X 1021,1_91 (Dev. )(Dev. Y) (Dev. Y)2 Dev. Y Y

Albert 48 69

Bernice 60 81

Cameron

____

66 81

Denise 60 ---- 93

Ellen

---------

84 99..--..--

Fredarick 93

Geneva

.66

42 87

Harry 30 63

Ingrid 42 69

Janet 42 7S
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Part II:

Statistic

Mean of X

Mean of Y

Covariance X, Y

Variance of X

Variance of Y

Standard Deviation X

Standard Deviation If

Correlation X, Y

Variance of (X-Y)

Variance of 4Y

Variance of (X-2)

Mean of (X/3)

Mean of (Y+7)

Harry's Z score on Y

Ellen's Z score on X

Word Translation.

Formula
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Part III:

NI.

Formula Translations.

Using the data from I, above, fill in the blanks with the number

associated with each of the following identities.

EY= =

EXEY

EXEY
EXY - EXY - NXY a E*Y

x y

EY
2

-
sr

11:1)

EX
2

Ntij
2.4 txy

N-1 N-1 N-1

(N-1) COVxy a

EZ
EX - NX

N-1 ..1111.0

EXY EXEY

a

v//(EX2 - CEO] [Z12 - (EY)
2
]
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4D.4

Part rV: Practical Application.

Suppose that the published norms for the two tests given in I above were:

Arithmetic: Mean = 50 S.D. = 6 N = 1000
Correlation . 75

Geography: Mean = 60 S.D. = 5 N = 2000

Answer the following questions:

(a) What was the variance of Arithmetic scores for the normative group?

(b) What was the sum of squared deviations of the mathematics scores for the
normative group?

(c) What was the covariance of the arithmetic and georgraphy scores in the
normative group?

((I) How many students in the normative group for arithmetic achieved scores
equal to or less than the mean for Hiss Smith's class?

(e) How many students in Miss Smith's class achieved scores exceeding a stand-
ard score of +1.0 in georgraphy for the normative group?

(f) Suppose that a frequency distribution had been prepared for the georgraphy
scores of the normative group. What would be the sum of the frequency column?
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NAME:

C655 L. S. Collet
LABORATORY EXERCISE #2

Mr. Jones has developed a set of computer-assisted drill and practice

lessons in arithmetic reasoning. In order to test the hypothesis that

students can learn arithmetic reasoning from his lessons, he performs the

following experiment with his math class. First, he constructed two 100

item tests of arithmetic reasoning by writing 100 pairs of equivalent items

then randomly assigning one member of each pair to each test. At the
beginning of the experimental period test 1 was administered (pre-test)

and the scores recorded. During the next three weeks each student used

three of his five math classes each week for computerized drill and

practice lessons. The remaining math periods were spent on the regular

program. At the end of the three weeks experimental period test 2 (post-,

test) was administered. The difference between post- and pre-test

scores was considered to be the learning in arithmetic reasoning due to
the drill. Answer each of the following questions:

(a) Calculate the mean, unbiased variance and standard deviation,

and the standard error of the mean for pre, post, and gain

scores.

(b) Calculate the Pearson product moment correlation of pre and

post scores and the standard error of the difference in pre

and post means.

(c) Compute the .95 confidence intervals for the means of pre, post,

and gains scores.

(d) Test the significance of the difference in pre and post scores.

State the null hypothesis, show the test, and state the

statistical conclusions.

*(e) Write an educational conclusion.

Note. Show all steps. Engineers pad is preferred.

*Not a recorded item for this test. For practice purposes only.
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LABORATORY EXERCISE #3

C655 NAME:

40

Title: An Empirical Comparisc nF Twr, 'lethods of Teaching The Descriptive
Characteristics of Disorders.

Problem: Does a lecture u
without visual alu

Lia produce more learning tha. Icture

Procedure: The content to be taught was the descriptive characteristics of
major mental disorders. First, a 30 minute silent film was prepared
which visually illustrated the more obvious characteristics ( panic,
catatonia, and so.on) of each of the disorders. Next, a lecture
was prepared which served as a background commentary to the movie,
but which in itself was completely meaningful without the movie.

The investigator was teaching two introductory classes in
educational psychology. Since the classes were of comparable
ability, he decided to use the regular lesson time to run his
experiment. By flipping a coin he determined that the first class
would get the movie and the second would not. On the Monday morning
he read his lecture to class 1 with the movie running. Then he
administered a 100 item multiple ;hoice test which required subjects
to pick out the symptoms of a given mental disorder. On Tuesday
he read the same lecture to class 2 without the movie running and
again administered the test. To obtain your data, issue the
following commands to the computer:

SRUN KO4A:SIMEX 4=K04A:FREQ 5.K04A:TEST1
000010(your soc. sec. )00001
Your data will be printed out.

\

Do an appropriate statistical analysis and state your educational
conclusions.

The data appears on the attached computer printout.

NOTE: This is due next week. Be sure to state your conclusions in good
_experimental form.
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LABORATORY EXERCISE #4

THIS IS EXPERIMENT 1

ILLUSTRATIVE EXPERIMENT 1 , C655 TERM 1,1972. L.5. COLLET, INSTRUCTOR,
JOHN AND WARY ARE PH.D, STUDENTS MAJORING IN REMEDIAL READING,

EACH HAS WRITTEN A PROGRAMMED TEXT DESIGNED AS A SELF-STUDY PROGRAM
IN REMEDIAL READING AT THE JUNIOR HIGH LEVEL. THEY DECIDE TO PERFORM
AN EXPERIMENT TO SEE WHICH WAS THE BETTER TEXT. THE mum. ADMINIS
TRATION FURNISHED THEM WITH THE. NAMES OF THE 160 STUDENTS IN THE
CITY JUNIOR HIGHS WHOSE GRADE SCORE ON THE ROUTINELY ADMINISTEREO
GATES READING-TEST WAS 5.0 OR LESS. THE 160 NAMES WERE PLACED IN A
HAT, THEN MARY DREW 80--LEAVING 80 FOR JOHN.

JOHN DIVIDED HIS NAMES INTO TWO GROUPS BY CALLING THE FIRST
40 GROUP 1 AND THE SECOND 40 GROUP II. MARY ntvinEn HERS IN THE
'SAME WAY TO OBTAIN GROUPS III AND I".

FOR THE NEXT MONTH, GROUPS I AND Itl STUDIED MARY'S TEXT AND
GROUPS II AND IV JOHN'S TEXT, WITH SUPERVISING I Amn II,
AND MARY SUPERVISING Ili AND IV. ASSUME THAT ALL SUBJECTS ATTENDED
TACH SESSION. fiM THE END OF THE EXPERIMENTAL PERIOD, A PARALLEL
FORM OF THE GATES READING TEST WAS ADMINtSTERED. THE RESULTING
SCORES ARE TABULATED BELOW. COMPUTE THE APPROPRIATE T TESTS TO
ANSWER THE FOLLOWING QUESTIONS, IN EACH CASE TEST A DtFFERENCE BETWEEN
A.PA1R OF GROUP MEANS. ALL SCORES BELOWHARE TABULATED AS WHOLE
MONTHS (TEN MONTHS 1 GRADE)-.- MOVE THE DECIMAL ONE PLACE LEFT
TO OBTAIN THE GRADE-SCORE. E.G., 55 EQUALS A GRADE SCORE oF 5.5 .

1.WHICH TEXT WAS BETTER: (A) UNDER JOHN'S SUPERVISION? (T TEST #1)
(13) UNDER MARY'S SUPERVISION? (T TEST #2)
(C) COMBINED OVER JoHN AND MARY?(T TEST 03)

2. WHICH SUPERVISOR WAS MORE FACILITORY TO LEARNING? (T TEST #4)
3. TEST THE INTERACTION, I.E., THE DIFFERENCE BETWEEN THE DIFFERENCES

OBTAINED IN ITEM 1 PART A AND ITEM 1 PART R. (T TEST 15)
***** THE COLUMNS IDENTIFY GROUPS: ClmGRP 1,C2mGRP 2 ETC.

OBSERVED SCORES: OUTPUT BY GROUPS
GROUP 1, ABC(111)

56. 56,
570 39.
76, 51,
73. 62.

58. 31. 25. 630 49. 80, 660 95.
37.- 60, 79. 34. 62. 52. 45. 57.
52. 54. 53, 76, 52. 46, 45. 43.
75. 51. 61. 79. 85. 75. 25. 50.SUMm 2285.; SUM X2m 140943.; Nm 40

GROUP 2, ABC(121)
31.. 76, 81. 78. 95, 33. 55, 74. 84. 65..850 98, 69, 78, 71, 84, 82, 93. 80. 79,
86. 7. 730 82. 81, 970 64. '55.. 54. 41,
59. 85. 610 47, 89. 48. 68. 94. 110, 830SUN= 2!;44.; SUM X2m 229154.; Ns' 40

GROUP 30 ABC(211)
540 55. 110. 54. 70, 79, 60, 730 47. 52.
61, 700 58, 87. 60. '77. 67. 110. 84. 106.
68. 105. 660 33, 77, 56, 94, 81. 88, 45,
67. 33. 61. 49, 91, 860 1070 98. 100. 27. .

SUMm 28660; SUM X2- 224388.; Nm 40
Gump 4, ABC(221)

79. 91. 58. 71. 69.* '87. 60, 109. 67, 48.
61. 81. 44. 54, 54, 57. 76, 103. 95. 74.
36, 63.. 410 58. 67. 43. 92. 280 52. 59,
920 52. 69, 56. 20. ls. 76. 66. 82, 48.SUM* 2613.; SUM X2m 28Y1470; No 40
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